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A B S T R A C T
The technology of 3-D Printing is afforded extensive coverage in the media. Discourses sur-
rounding this technology are charged with ideas of revolutions in manufacturing, democrati-
sation of technology, and the potential to change the face of consumption and production.
This technology is being marketed to the consumer and hobbyist. The consumer-grade 3-D
printer is a result of the labour of a loose-knit worldwide community of hobbyists known
as the "Maker movement". This movement, a convergence of the traditional "Hacker" cul-
ture and Do It Yourself (DIY) is constructed around ideas of affective labour. That is, labour
performed for the sole purpose of enjoyment of doing so, and for a sense of well-being
and community. The explosion of "affordable" 3-D printing as a technology is a result of
this affective labour, yet little mention is made of any forms of labour in popular media
discourses surrounding this technology.
In this paper I construct a history of the Maker movement while theorising the forms
of labour inherent to this movement using the Autonomist Marxism of Michael Hardt
and Antonio Negri as a framework. Then, working within the field of Cultural Studies,
and drawing on Actor-Network Theory (ANT), I perform Multimodal Critical Discourse
Analysis (MCDA) on a small sample of texts to illustrate the occlusion and obfuscation of
labour within these discourses of the consumer 3-D printer.
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1
I N T R O D U C T I O N
1.1 tea , earl grey, hot.
Science fiction has both technically and narratively heralded tools such as the Cor-
nucopia machine or the Replicator. They are presented as markers of technical advancement
that have removed both the burdens of physical labour and the need for production line
labour. This machine can hypothetically produce anything, requiring nothing more than an
instruction or blueprint and a supply of raw feedstock. The title of this section (from Star
Trek - The Next Generation) refers to Captain Jean-Luc Picard’s often quoted and iconic drink
order. The machine he orders his tea from is not just a voice-operated vending machine,
but a true replicator - a machine that can construct anything at a molecular level. However,
there is another equally significant aspect to this scenario: At this point the technology
is so pervasive that he uses it for the simple and mundane activity of making a cup of
tea. In reality, science and technology have far to go before reaching this level, although,
as I will argue, 3-D printing is being framed as headed in the direction of this fantastical
technology.
The topic of 3-D printing has been prevalent in mainstream media in recent times, and a
cursory Google News search returns over 700 news items for a one-month period in late
2015. The technology is being lauded as game-changing and revolutionary, with applications
ranging from prosthetics and medical devices to motor cars and jewellery (Campbell et al.).
Hyperbolic discourses are common with new technologies, yet in the case of 3-D printing,
both the ubiquity of this discourse and its application to such a wide range of fields makes
it of great interest.
1.2 the 3-d printer
The 3-D printer is based on the notion of a machine that is given a pre-written set of instruc-
tions and produces something in response, automatically and repeatedly. This concept can
be traced back as far as the late 18th century, where such technology was used in France, in
the form of the Jacquard loom. This mechanical add-on for a fabric loom allowed the loom
to produce a pattern in the fabric being woven. The pattern was introduced to the loom
on a punched card (Essinger). Despite this early innovation, most machinery and machine
tools remained in the hands of artisans and trained operators until the late 1940s. Research
around this time led to the development of Numeric Control (NC) systems, rudimentary
controls retrofitted to lathes, milling machines, and other machine tools, which could re-
Coetzee 2
produce parts from paper tape or punched card patterns (in much the same way as the
Jacquard loom). This ultimately evolved into Computer Numeric Control (CNC) systems,
using digital files transferred from the design computer directly to machinery on the work-
shop floor. These machines all had (and continue to have) certain things in common: they
took a significant amount of skill and experience to program; they were expensive; and
they generally took the form of machines that used subtractive manufacturing technologies
— that is, they removed material from the stock (the starting block or chunk of metal or
other material) — they used blades, drills, milling bits, wires, and other methods to do
so.
The 3-D printer approaches the manufacturing problem from a different angle. Rather than
milling or cutting away what is not needed from a block of metal or plastic, it builds up
an object from layers of material. The most common technique involves extruding a thin
stream of melted plastic from a nozzle and building up the object in question layer-by-
layer.1 Other techniques are used for different materials, such as metal or ceramic, but
the fundamental concept of constructing an object layer-by-layer remains the same. 3-D
printing is relatively new. One of the first patents related to this technology dates from
1985, and as a new technology it has been expensive and dependent on operators and
programmers with arcane and sophisticated skill-sets. These factors mean it has remained
within the scope of the military and industrial manufacturing complexes, where it has been
extensively used for rapid prototyping — not production itself, but for producing once-off
prototypes of objects or components without the time-consuming, risky and expensive
requirements of re-tooling or shutting down fabrication processes. The materials used in
their construction have little intrinsic strength, and the time taken to produce them (ranging
from 20 minutes for a copy of a whistle, to tens of hours for something like a flower vase)
currently is prohibitive for mass production.
The 2009 expiration of a commercial patent (Crump) on the FDM or squirting plastic method
of 3-D printing has meant these printers have shrunk in size and cost. They are now be-
ing marketed to and acquired by individual, home users, who may be characterised as
hobbyists, tinkerers, DIYers or makers. Despite these being simplified, consumer oriented ma-
chines, they share the same fundamental principles with their bigger and more expensive
industrial counterparts. This includes the requirement for these arcane and sophisticated
skill-sets.
It is this version of the 3-D printer that forms the core of this research, and this phenomenon
is the nexus of particular rhetorics of technology in culture. Mythologies are already begin-
ning to accrete around this particular manifestation of the 3-D printer. These include the
assertions that they will: herald a “new industrial revolution”; that it is a “disruptive tech-
nology”; that it will lay the groundwork for the “democratisation of technology” and allow
the average consumer to “reclaim the act of manufacturing”. Crowd-funding sites such
as Kickstarter and Indiegogo are illustrative of its popularity and are raising funds for a
plethora of 3-D printing related projects. At the time of writing this (late 2015), Kickstarter
listed 300 campaigns related to 3-D printing, the largest of which was funded to the amount
of USD 3.4 million. Indiegogo listed about 600 campaigns. Formal funding for 3-D printing
1 This is known as Fused Deposition Modelling (FDM).
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related companies has at times been reminiscent of the heyday of the dot.com bubble, for
instance, Google has invested USD 100 million in a 3-D printing startup.2
1.2.1 The 3-D printer as artefact of the Maker movement
The primordial form of the hobbyist/low cost 3-D printer as it stands today is the RepRap.
This was a project founded by Adrian Bowyer et al at the University of Bath in 2004. The
initial driver for this project was to explore the possibility of self-replicating machines. That
is, a machine that can produce all the parts necessary to build another instantiation of itself.
Bowyer describes this aim as follows: “As the machine is free and open-source, anyone may
– without royalty payments – make any number of copies of it ether for themselves or for
others, using the RepRap machines themselves to reproduce those copies.” (Jones et al.
177). Bowyer and his team released their designs under an Open Source licence, and this
captured the imaginations of scores of hobbyists. These hobbyists refined and modified the
basic concept in a myriad of ways and contributed their changes and improvements back
to both the RepRap project and numerous other online repositories. Most consumer-grade
3-D printers on the market owe their heritage to both the RepRap project and the makers
who contributed to the design.
1.3 makers
The loose accretion of hobbyists responsible for this popularisation are part of a global
movement known as the Maker movement. Makers can be located around the intersection of
traditional DIY and technology. Their aims are to make things, tear things apart and see how
they work. This is often done to try and make something better, and is linked to claims of
resistance to traditional hegemonic structures of production and consumption (Anderson,
Makers : the new industrial revolution; Gershenfeld; Ramocki).
As I will argue later, this figure of the Maker carries echoes of an earlier archetype from
the history of technology, namely the Hacker.3 The earliest documented practices of this
nature go back to Massachusetts Institute of Technology (MIT) in the late 1950s (Levy 3),
where the ethos was one of exploration and play. According to Steven Levy — chronicler of
early hacker culture — knowledge gained from disassembling and remaking devices and
consumer objects could then be used to create something better since “nothing annoys a
hacker more than badly designed systems or objects, and they considered it their right to
fix everything and anything that they considered broken” (28). This drive surfaced again
in groups such as the Homebrew Computer Club in California in the 1970s, from which
companies (Apple, amongst others), and entire industries (like that of the PC, or home/
consumer computer) grew.
2 Carbon3D.
3 The original Hacker - experimenter, tinkerer and programmer, not the “Hacker” - or “cyber-criminal” as
appropriated by the mainstream media.
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I approach this topic with the diverse interests and skills of an experienced computer pro-
grammer and electronic hardware technician and tinkerer, and a modeller, woodworker and
Maker. Through the lens of these interests and skills, and with a growing interest in the
relationship between technology and culture, the unbridled excitement being constructed
around this technology caught my interest. However, I became sceptical of the rhetoric
and myth-making that was invoked, and ultimately have been disappointed in the initial
promise of the media discourses surrounding 3-D printing technology. These are specif-
ically the reductionist and romanticised depictions of what the technology is capable of,
and more importantly, that the capital in the form of skills, experience, and foundational
labour required to make use of the technology is under-represented or obscured.
1.4 structural frameworks
My initial observations indicated that the manner in which 3-D printing technology was
being mobilised in the media and popular imagination was both consistent yet exagger-
ated. This required a suitable framework within which to analyse these discourses, and
a language with which to describe them. Looking towards Cultural Studies, I found ap-
propriate tools for my research and analyses. Theorist Stuart Hall describes the informing
tenet of Cultural Studies as the position that texts and practices are not by default provided
with meaning that is entirely and only dependent on the intentions of the author. In other
words, the meaning always has to be explicitly expressed, but this expression is shaped by
the social and historical context of the discourse (Storey 5). In addition, Toby Miller details
the overall landscape of cultural studies as:
. . . magnetic. It accretes various tendencies that are splintering the human sci-
ences: Marxism, feminism, queer theory and the postcolonial. The “cultural”
has become a “master-trope” in the humanities, blending and blurring textual
analysis of popular culture with social theory and focusing on the margin of
power rather than reproducing established lines of force and authority (Miller
1).
Further to this, and in a similar vein, semiotician Roland Barthes’ seminal work on myth
posits the idea that myths are recurrently deployed to present an ideology as though it were
a universal truth, rather than the message intentionally constructed by the author (Barthes).
These theories proved useful in understanding the mythologising of the technology and
those who produced it.
Cultural Studies, however, is seldom used in discussions of technology, or for that matter,
physical artefacts. The problem in Cultural Studies, according to Melchionne is that
Humanities academics are more bookworms than busybees, more readers of
texts than creators of artifacts. As a consequence, the formation of the object
domains and theoretical constructs of Cultural Studies has been marked by the
favoring of artifacts that can be treated as texts (Melchionne 254).
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Cultural Studies’ domain of analysis has traditionally been television, film, popular music
and printed texts, and as such, despite the products of DIY themselves being cultural arte-
facts, they lie somewhere outside of the scope of Cultural Studies, being neither mass mar-
ket commodities nor traditional artworks. Given these shortcomings in current approaches
to Cultural Studies, an approach that is aware of the position and importance of an artefact
as banal as a printer leads towards the ideas of John Law (Law, “On the subject of the
object”). Law calls this approach ANT, and the analytic process consists of reading and con-
textualising a technological object as the product of an entire “network” of actors – those
who in some way inform its structure, shape, or intention.
Law’s seminal work on this matter is “Aircraft stories”, describing the TSR2 military aircraft
project as a product of both Cold War era England and a change in governments, and how
the project and the object itself were shaped (and ultimately scrapped) in response to the
actors and pressures of the time. Cultural Studies is rooted in a critical and contextual
understanding of a text as well as those multiple texts that surround it, and Actor-Network
Theory allows one to extend Cultural Studies’ notion of the artefact as text in a way that
delineates the web of meaning which determines how an artefact signifies.
I have used references to fantasy and science fiction throughout the argument. This is not
just because I am a fan, but as an intentional move to connect discourses of imagined fu-
tures with vocabularies of technology deployed in the present. In talking about technology
in culture, I acknowledge that discourses are not just a response to real technology, but are
also shaped by the imaginary. Cultural Studies does not necessarily favour one over the
other as both have the potential to shape discourses equally. I intend to weave these two
aspects together over the course of this dissertation.
Given that I am looking at the 3-D printer, not as a technological device in itself, but as an
artefact of a particular group or culture, this combined approach helped locate the actors
and drivers involved in the creation and deployment of this technology. The version of the
3-D printer examined in this research is targeted at the consumer who identifies as a maker.
In light of the above discourses, this reveals numerous tensions in the construction of the
maker/consumer identity. Foremost is the claim made by makers that they make as an act
of resistance to current models of production and consumption, yet they are consuming
products of that system in order to resist it. In many cases, the products being marketed
to the maker community are built to designs that were, in the first place, developed by
members of the community itself and originally released under open-source licences. It
is for this reason that I am focusing on the concept of labour as a critical theme in this
research. Vincent Mosco, (in Fuchs and Sevignani 230) notes that “labour remains the blind
spot of communication and cultural studies” and that therefore “labour needs to be placed
high on the agenda or projects for the renewal of cultural studies”. This project does not
aim to explore the phenomenon of labour in the practices surrounding the 3-D printer, but
rather to consider the representations (or rather the lack thereof) in discourses that circulate
and construct the myth of the maker and the 3-D printer. My motivation for this focus lies
in the turn of the new economies towards knowledge and information work and increasing
trends towards co-option and exploitation of these forms of labour (Terranova).
To summarise: I am performing Cultural Studies based research, informed by Actor-Network
Theory to explore critically how the hobbyist-grade 3-D printer is constructed within the
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popular imagination. I am focusing primarily on both labour and skills capital within these
discourses.
1.5 methods
The structure of my analysis takes the following form. Firstly, I consider the figure of the
hacker and the evolution of this key trope since the 1950s, and through the period in which
the Personal Computer “revolution” took place. The connection between the Hacker and
the Personal Computer provides a rubric for examining the parallels with the maker and
3-D printing technology, and the ways in which these comparisons might also fail. The
myth-making and rhetoric deployed regarding these technologies is strikingly similar and
is in need of historicisation. Langdon Winner notes the lack of historical context in many
studies of emerging technology saying: “In fact, no well-developed comparisons of that
kind are to be found in the writings of the computer evolution. A consistently ahistorical
viewpoint prevails” (Winner 102).
In response to this lack of historicity, I have sketched the narratives of the rise of both
the Maker and Hacker movements and the objects and people central to their respective
discourses. Not only do these narratives provide historical context, but they are an integral
part of the process of resolving and understanding some of the myth-making and rhetoric
attached to 3-D printing technology.
I examine a small selection of diverse texts from mainstream media, and illustrate the pri-
mary discourses and myths constructed around 3-D printing technology. Certain themes
are recurrent and these speak to how this technology is positioned within the collective
imagination. One of these themes generally notable by its absence, is that of labour. That
is, who does the work of making the 3-D printer function and to what end? Discourses
and myths constructed around 3-D printing technology tend to obfuscate or misrepresent
what is required to produce items with these machines. The printer itself produces the
object, but no small amount of work and skill is required to conceptualise, design and pro-
duce the file required by the printer to print the aforementioned object. To produce usable
original objects requires, to re-use an earlier phrase, “arcane and sophisticated skill-sets”.
These skill-sets include understanding of design and shapes, proficiency with complex 3-D
Computer Aided Design (CAD) software, knowledge of file-formats, mechanical mainte-
nance of the machine, and many more. The discourse constructed around 3-D printers
often represents this process as “just click print”, reducing the whole conception, design
and pre-printing process to nothing more than the click of a button.
1.6 the issue of labour
The subject of labour within the Maker movement has received little coverage within aca-
demic or allied literature. As a key figure in the Maker movement, Chris Anderson ap-
proaches the possibilities of this sort of technology in a rather breathless and utopian man-
ner (Anderson, Makers : the new industrial revolution). Anderson considers everyone to be a
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latent entrepreneur. The rhetoric of revolution is evident in his statement that “. . . the Third
Industrial Revolution is best seen as the combination of digital manufacturing and personal
manufacturing: the industrialization of the Maker Movement.” (49). Anderson, despite also
being a maker minimises the skills required to use these machines and the labour involved,
and presents it as a “. . . simple menu option [that] compresses three centuries of industrial
revolution into a single mouse click” (34).
This motif of a “revolution” or the “next industrial revolution” is repeated frequently al-
beit with different nuances by different thinkers and writers in the field. Dale Dougherty,
another key figure in the Maker movement, in “The Maker Movement” and Mark Hatch in
“The maker movement manifesto” both promote the idea of revolution. Neal Gershenfeld
(who is MIT Professor and director of MIT’s Centre for Bits and Atoms and author of “Fab :
the coming revolution on your desktop–from personal computers to personal fabrication”)
is more pragmatic in relating the practical issues and potential benefits and uses of these
technologies. Likewise Jarkko Moilanen has gone beyond the rhetoric and performed de-
tailed empirical research on usage and peer-production models in hackerspaces. Moilanen
providies useful demographic insight into makers, and how they themselves identify as
makers (or other) (Moilanen). Joshua Tanenbaum works within the field of HCI (Human-
Computer Interaction) studies, but looks toward the DIY and Maker movements for models
of expression, collaboration and “democratized technological practice” (Tanenbaum et al.
2603), and presents these movements as potential sites of protest and resistance to tra-
ditional modes of production and consumption. A rare work which does look briefly at
a number of the mythologised discourses around 3-D printing is Matt Ratto and Robert
Ree’s paper “Materializing information: 3-D printing and social change”. This work ex-
amines how notions of authenticity (and thus value) are challenged by more traditional
manual craft-workers. Ratto draws on the concept of the latent entrepreneur or latent cre-
ative as originated by Anderson, reiterating the belief that anyone can be an entrepreneur
or creative. Furthermore this hypothetical everyman already has the skills to do so, and
just needs the right tool — in this case the 3-D printer — to unlock these latent talents.
Counter to these proponents of the idea of revolution are a few more critical voices. Lang-
don Winner in “The whale and the reactor”, writing on society and technology from the
perspective of the personal computer bubble in the mid 1980s notes that even at that time
these themes were not new. He holds that similar discourses are applied cyclically to many
new and emerging technologies. Winner examines these discourses of revolution, and how
they are driven by political, marketing and other objectives.
1.7 an outline of chapters
My argument is constructed around the idea that the 3-D printer typifies the relationship
between technology and culture as it plays out in the Maker movement. However, before
exploring the specific discourses of the 3-D printer, I establish some historic precedent
regarding the Maker movement and then construct the foundations of my theories of labour.
As such, I have positioned the textual analysis slightly later in my argument.
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1.7.1 Chapter 2 - contextualising the maker movement
In this chapter I outline the historical narratives of the Hacker movement from its docu-
mented roots in the 1950s, and note the key players and their philosophies, motivations
and influences. The early history of this community, mostly based at the Massachusets In-
stitute of Technology (MIT) provides key insights into both the development of the hacker
ethos and much of the discourse and terminology, and is where the term Hacker was coined.
I continue this history with a look at the Homebrew Computer Club of the 1970s, and how
this ultimately led to the development and rise of the Personal Computer. I then look at
the birth and rise of the Open Source software movement, fuelled not just by the rise of
the personal computer, but also by various figures within the hacker community. Finally, I
argue that the Maker movement is not only a product of the hacker philosophy, but also
draws from the Open Source movement, and reflects the pragmatism of DIY practices that
have, for various reasons, been on the rise since the 1960s.
1.7.2 Chapter 3 - labour and the sixth wave
This chapter begins with an examination of the dominant forms of labour within the Maker
movement (and by association, the Hacker and Open Source movements). I then locate
these within the context of the current late Post-Fordist economy and the turn away from
manual labour towards intangible labour or knowledge work. I sketch a brief history of
the post-industrial and preceding industrial eras. A trope that is commonly deployed in
discourses of 3-D printing is that of a “new industrial revolution”. Given that the first
industrial revolution marked both the uptake of new manufacturing technologies, and the
associated major shift in modes of labour, we should expect to see similar patterns in the
case of 3-D printing. As such, an examination of the first industrial revolution comprises the
first part of my history. The second part consists of the next significant shift in technology
and labour, the Post-Fordist move towards immaterial and intellectual labour, and at this
point I reiterate how these forms of labour are inherent to groups such as the Makers. Most
of the theory covering immaterial and intellectual labour is a result of the work of the Italian
Autonomist Marxists: Michael Hardt, Paolo Virno and Antonio Negri. These theorists have
explored labour in the post-war Italian Laboratory, which provides a framework for the non-
traditional and post-Fordist economies where permanent, traditional, and physical forms
of labour are eclipsed by impermanent and intangible labours.
1.7.3 Chapter 4 - discourses and analysis
Firstly in this chapter, I describe the theoretical framework which informs my reading and
analysis of my example texts. The aim of this dissertation is to present an argument and
therefore these texts were chosen to illustrate this larger piece of theoretical work. As stated
above, the aim is to explore critically how the hobbyist-grade 3-D printer is constructed
within the popular imagination, with the focus on how labour is represented within these
discourses. The first part of my theoretical framework comprises an overview of the field of
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Cultural Studies and how it approaches the problem of describing and locating a cultural
artefact within its social, political and economic contexts. Cultural Studies does not often
deal with discussions of technology, so I then look towards the work of John Law and
Bruno Latour and ANT (Law, “On the subject of the object”). This is an approach which
treats objects as a part of (or function of) social networks. In the case of this research,
the 3-D printer is the focus of these networks, and these relationships can be mapped in
terms of material (between objects and actors), and semiotic (between concepts). Following
this, I describe the range of texts selected, and my motivations for selecting this material,
after which I present my readings of these texts. The approach I use in reading these
texts is based within MCDA. MCDA is based on Critical Discourse Analysis (CDA), which
aims not just to describe discourse, but, being grounded in social history, semiotics and
linguistics, attempts to explain how and why it was produced, and the related ideological
underpinnings (Tenorio). MCDA allows for the analysis of materials of various forms in
addition to printed text, such as images and film.
1.7.4 Chapter 5 - conclusion
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3-D Printing: noun \"thre¯ de¯ "prin-tiN\
A process by which end-users (or “makers” as they call themselves) can create insane amounts of
plastic nick-nacks, virtually at will and barely any cost, with the push of a button.
— Daily Reckoning
2
C O N T E X T U A L I S I N G T H E M A K E R M O V E M E N T
In order to contextualise the 3-D printer, I examine how, why, and where it came into exis-
tence in its current form. This chapter presents a history of the Maker movement and argues
that it is the result of a convergence of the hacker philosophy of enquiry and curiosity and
the DIY enthusiasts’ pragmatic approach to “getting things done”. The meteoric growth of
this movement, and those that produced it, the Hackers community and the Open Source
movement, can be attributed to the impact of online communication, first Bulletin Boards
then the Internet.
I begin by tracing the early history of the MIT Hackers and the West-Coast (California)
“garage startup” culture, through the rise of the Open Source movement, followed by a
brief look at DIY culture. Next, I will tease apart common threads and philosophies from
these movements and communities and explain how and why they can be seen to have
converged in the Maker movement, and why this movement can be seen as a movement
and not just a loose collection of enthusiasts. The final sections of this chapter provide
a historical overview of the 3-D printer in its popular form, and a discussion of the 3-D
printer as an artefact of the Maker movement. Understanding the roots and philosophies —
both inherited and explicitly stated — of this movement is critical to my later engagement
with media representations and discourses related to 3-D printing.
2.1 origins and influences of the maker movement
2.1.1 Beginnings - The Ur-Hackers
MIT is the starting point for this historical review. Steven Levy’s “Hackers”, Glyn Moody’s
“Rebel code : Linux and the open source revolution”, and Katie Hafner’s “Where wiz-
ards stay up late: The origins of the Internet” each cover different fields, but converge on
MIT around this period as the nexus of something significant. MIT has a reputation for aca-
demic, research and technical excellence1 that is engendered by a rigorous selection process
and a fiercely competitive atmosphere. Levy recounts the anecdote that students are told in
their freshman welcoming lecture “Look at the person to your left . . . look at the person to
your right . . . One of you three will not graduate from the Institute”. This fostered intense
competition amongst students to ensure that one was not one of those three. However, ac-
cording to Levy, certain students saw this as an opportunity to find allies: “Maybe they [the
1 MIT alumni include Robert Metcalfe (inventor of ethernet), and more directly relevant to this discussion, Limor
Fried (Well known maker, founder of “Adafruit.com”), and Andrew “Bunnie” Huang, hacker, maker and chip
designer.
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person to your left. . . And right. . . ] would be of assistance in the consuming quest to find
out how things worked and then to master them” (Levy 7). To these students, this quest
often seemed more important than obtaining an actual degree.
Levy opens by setting the scene at the MIT Tech Model Railroad Club (TMRC) , which was
(and still is) a student organisation for those with a love for model trains (Levy 6). Around
this time (the late 1950s), the club was split into two distinct factions. One group was more
interested in building the model trains, creating scenery for the layout,2 and concerned with
issues such as attention to train paint schemes and how to create the best miniature trees.
The other was the “Signals and Power Subcommittee”, which consisted of students who
were more interested in the inner workings of the layout, or “The System” as they called
it. Their obsession was the collection of electronics and mechanics that actually controlled
the trains on the layout - their speed and direction, the switches (allowing trains to switch
between one set of tracks and another), signal lights, and anything else they could think of.
Levy describes it as “something like a collaboration between Rube Goldberg and Wernher
von Braun” (7). An interesting choice of wording, given the tensions between the hacker
/tinkerer exemplified by Rube Goldberg, and the military-industrial complex3.
They spent their hours, days, and weekends building and rebuilding the System, often
using parts donated by the telephone company, scrounging for other parts at scrapyards
and developing their own subculture with its own language. A project undertaken for the
sheer pleasure of doing so, and not necessarily towards a practical end was known as a
hack4. To be a true hack, though, “the feat must be imbued with innovation, style, and
technical virtuosity” (Levy 10). A hack must be seen as an elegant solution to a problem.
Incidentally, the terms hack and hacker first appeared in print in this context in the 1959
TMRC Dictionary (Samson).
The complexity of the System led the hackers of the TMRC to investigate the newly available
computers installed on campus to find a way to keep track of, and ultimately control, the
sophisticated and labyrinthine mess of wires, switches and relays underneath their train
layout. They would sneak into the computer labs after hours when they were not being
officially used, and run their code (in the form of paper tape, at first). Then they would take
the results and work on them the next day (Levy 23). Ultimately, a number of the “Signals
and Power Subcommittee” members spent more time working on abstract problems on the
computers than they did “messing” with the train layout or switching system. I call these
hackers the Ur-Hackers, the first of the original hardware and software hackers.
These hackers worked on the principle that the best way to learn about something was to
take it apart — whether it be a kitchen appliance, a piece of electronic equipment, or soft-
2 A “layout” traditionally consists of a section of terrain, modelled by hand out of papier mache, polystyrene,
plaster, etc. with railway lines, miniature towns, and so on, on which model trains are run. They can range
from tabletop size, to an entire room: “The clubroom was dominated by the huge train layout. It just about
filled the room, and if you stood in the little control area called ”the notch“ you could see a little town, a
little industrial area, a tiny working trolley line, a papier-mâché mountain, and of course a lot of trains and
tracks. The trains were meticulously crafted to resemble their full-scale counterparts, and they chugged along
the twists and turns of the track with picture-book perfection.” (Levy 7)
3 Particularly given the period - the start of the Cold War, and the fact that much research at MIT was military
funded.
4 This term was already known at MIT, used to describe practical jokes, often on a huge scale, played by students.
http://hacks.mit.edu.
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ware. This knowledge could then be used to create something better and more interesting.
According to Levy, nothing annoys a hacker more than badly designed systems or objects
and they considered it their right to fix everything and anything that they considered “bro-
ken” (Levy 28). This drive, and more importantly, the ability to demonstrate proficiency
and skill was the mark of a true hacker and not their qualifications or degrees, age, or any
other “bogus criteria” (31). It is worth noting that the term hacker is often used with neg-
ative connotations and is used to describe “cyber” criminals and practitioners of morally
and legally suspect online activities. This was not the original meaning of the term and
this dissertation makes use of this earlier iteration of the term as articulated by Levy. A
significant product of this way of thinking is distilled in the tenet “Information wants to
be free”. This philosophy was absorbed by the software people in MITs computer science
department, which will be a significant player in the Open Source movement, as seen in
the next section.
2.1.2 Phone Phreaks and the Homebrew Computer Club
This fundamental ethos was also playing out on the West Coast of America. A popular
pastime amongst college students and engineers on the somewhat more liberal West Coast,
particularly in Berkeley similar areas was “Phone Phreaking”. Some enterprising individ-
uals had discovered that by playing a certain tone into a telephone, one could invoke the
telephone companies’ maintenance system, and make free calls, both local and, importantly,
long distance. This was a boon to broke college students wanting to call home or just to
play with and explore the system. Sterling describes phone Phreaks as those “. . . who ’ex-
plore the system’ for the sake of the intellectual challenge” (Sterling 58). A sophisticated
party trick was to call the public telephone right next to the one you were using, by routing
the call through as many nodes around the world as you could. It was then discovered that
the toy whistle that came as the gift in a box of cereal (“Captain Crunch”) played the exact
tones necessary. This performance of resistance is something we will see repeated in both
Maker and 3-D printer discourses later in this dissertation.
Later, various people made little electronic boxes (“Blue Boxes”) that played this tone (and
others used within the telephone system), thus eliminating the need to go hunting for a
cereal-box toy. One of these people was Steve Wozniak, who went on to be co-founder of
Apple Computer. Around this time (early 1970s), a group known as the “Homebrew Com-
puter Club”, holding its meetings in Stanford, was popular amongst electronic hobbyists.
The stated mission of this club was to get computers into the hands of average people.
They played with computer hardware that was demonstrated and lent to them by various
companies and designed and built their own (Watson 134). As with the aforementioned per-
formances of resistance, the idea of making technology available to everyone is something
we also will see in discourses surrounding the 3-D printer.
One of their members was Steve Wozniak, who, by his own admission, really just wanted
to show off what he could do. However, as he states, his philosophy is strongly aligned
with what would later be known as Open Source. His assertion was that “the theme of the
club was ‘Give to help others.’ It was an expression of the hacker ethic that information
should be free and all authority mistrusted. I designed the Apple I because I wanted to
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give it away for free to other people” (Watson 135). The Apple I would later become the
first product of Apple Computer, which he co-founded with Steve Jobs.
Levy describes Jobs – co-founder of Apple and Wozniak’s friend – as also possessing a
similar ethos of enquiry and curiosity:
His dad, Paul—a machinist who had never completed high school—had set
aside a section of his workbench for Steve, and taught him how to build things,
disassemble them, and put them together. From neighbors who worked in the
electronics firm in the Valley, he learned about that field—and also understood
that things like television sets were not magical things that just showed up in
one’s house, but designed objects that human beings had painstakingly created.
’It gave a tremendous sense of self-confidence, that through exploration and
learning one could understand seemingly very complex things in one’s envi-
ronment,’ he told [an] interviewer” (“Steve Jobs, 1955 - 2011 | WIRED, Project
Website”).
This account foreshadows connections to come in discourses regarding makers and the 3-
D printer. Most notably the idea of home and domestic space and the 3-D printer’s place
within these spaces.
The “Homebrew Computer Club” and its atmosphere of enquiry, “how does it work”, “take
it apart”, and “I can build something better” is reminiscent of what was happening at MIT
in the early days, and was influential in the formation of the West Coast and Silicon Valley
technology culture.
2.1.3 Richard Stallman & The Open Source movement
The Open Source movement5 has its roots in academia. The University of California, Berke-
ley was an early adopter of AT&T’s operating system, Unix. Ken Thompson, one of Unix’s
designers started working on improvements and additions with a few graduate students,
notably Bill Joy, who would later go on to found Sun Microsystems. Unix and its code was
owned by AT&T6, a publically regulated monopoly. It was tied up in anti-trust court, and
as a condition, was legally unable to sell software on the open market. They could, however,
make software available to the academic community for the cost of distribution media, in
other words for the price of a tape or floppy disk. Berkeley distributed their improved ver-
sion under the name “BSD Unix”, and the terms of licensing were fairly basic: you could
do anything you wanted with the software or the source code as long as you provided
appropriate attribution and understood that there was no warranty. Originally this (and
other similar freely distributed software) was mailed around on disk or paper tape. Later,
it was shared via early email and UUCP on the embryonic Internet (at the time known as
the ARPANet) (DiBona 28).
5 Source code (also referred to as source or code) is the version of software as it is originally written (i.e.,
typed into a computer) by a human in plain text (i.e., human readable alphanumeric characters) (“Source code
definition by The Linux Information Project, Project Website”).
6 American Telephone and Telegraph, at the time the world’s largest telephone company. Broken up in 1982 by
the Justice Department due to their monopolistic practices.
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This discussion of freely distributed software leads back to the starting point in this chapter:
MIT. Richard Stallman was a programmer in MIT’s Artificial Intelligence Laboratory in the
early 1970s. Due, in part, to the aforementioned culture surrounding software sharing and
development, there was a thriving hacker culture in the lab (DiBona 48). However, in the
late 1970s and early 80s this culture was starting to collapse as a company had hired most of
the programmers who had been working in the lab. Another factor was that the companies
that provided their computer hardware (and operating system software) did not distribute
source code with their machines. In some cases one had to sign a non-disclosure agreement
simply to get a copy of the operating system. This was completely counter to the hacker
ethos, where one needed to be able to see the “innards” of the machine and software in
order to understand it and where sharing information and code was the norm. Stallman
recalls that “The rule made by the owners of proprietary software was, ’If you share with
your neighbor, you are a pirate. If you want any changes, beg us to make them.’ ” (49).
Stallman apparently had a visceral and emotional reaction to this. He reasoned that the
best way to rebuild the community of hackers was to write software, in this case, an entire
operating system and corresponding user software, and to release it freely. He left MIT and
started the GNU7 project, later rolled into the Free Software Foundation.
The principles upon which he built GNU are as follows:
The term “free software” is sometimes misunderstood – it has nothing to do
with price. It is about freedom. Here, therefore, is the definition of free software.
A program is free software, for you, a particular user, if:
1. You have the freedom to run the program, for any purpose.
2. You have the freedom to modify the program to suit your needs. (To make
this freedom effective in practice, you must have access to the source code,
since making changes in a program without having the source code is
exceedingly difficult.)
3. You have the freedom to redistribute copies, either gratis or for a fee.
4. You have the freedom to distribute modified versions of the program, so
that the community can benefit from your improvements.
(DiBona 50).
In 1991, a Finnish university student, Linus Torvalds started the Linux project - an attempt
to write a Unix-like operating system capable of running on any home PC. Note that there
was already a similar system available, also freely, in the form of BSD Unix, but by virtue of
its origin, it consisted largely of proprietary code from AT&T. Torvalds wanted Linux to be
free from any commercial and proprietary code, and freely available and open to anyone
to modify or contribute to (Moody). In the twenty years since the first usable kernel was
released, it has become the “poster child” for Open Source. From Torvalds working on the
7 The name GNU is a self-referential acronym, meaning “GNU’s Not Unix”. Stallman’s operating system was to
be called “HURD”.
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system alone, to over 10 000 contributors and 1000 companies contributing to the kernel8
alone (“Linux Development Report, Project Website”). Linux, in some form, is now found
in every corner of the tech world, running on everything from mobile phones – in the form
of Android – to micro-satellites, unmanned aircraft, and desktops.
In 1997 Eric Raymond published “The Cathedral and the Bazaar”, discussing two models
of free software development; the Cathedral model, in which the development is limited to a
select group of programmers; and the Bazaar model, in which the code is developed openly,
with the Internet as a collaboration platform where anyone can watch and contribute. His
arguments in favour of the latter include the motto “given enough eyeballs, all bugs are
shallow9”, and a number of “Lessons for creating good open source software”, with entries
such as “Every good work of software starts by scratching a developer’s personal itch”,
and “To solve an interesting problem, start by finding a problem that is interesting to
you.” (Raymond 38). The first idea is common in the world of programmers. "Scratching a
developer’s personal itch" indicating that there is a problem that needs to be solved, and
so the developer will write a piece of software to do so. Both of these ideas, as we will see,
are quite common within the world of hackers and programmers (and DIYers too). Affect,
and more specifically, affective labour is an important theme in the discourse of 3-D printing.
We see this idea here, framed in terms of working on something for the enjoyment and
other intangible benefits in a series of interviews with Torvalds. He noted that “I thought
it would be fun” as one of the reasons behind his initiation of the Linux project, and he
states that “Most good programmers do programming not because they expect to get paid
or get adulation by the public, but because it is fun to program.” He then goes on to make
the connection to affective labour in the arts by adding “. . . artists usually don’t make all
that much money, and they often keep their artistic hobby despite the money rather than
due to it” (Ghosh).
Moreover, as with Stallman and GNU, and by extension DIY, and in the stated ideals of the
Maker movement, the idea of resistance to current modes of production and consumption
is a goal of Linux and Open Source. In this instance their target is Microsoft, the producer
of the Windows operating system, and known for producing unstable software and monop-
olistic market practices. Torvalds states explicitly “If Microsoft ever does applications for
Linux it means I’ve won”, implying that Microsoft’s response to the critical mass and ide-
ological pressure of the Linux project would demonstrate a significant shift in the power
dynamics between these two ideologically opposed entities. One finds this discourse in
online discussions between Linux developers and users on sites such as “OSNews.com” or
“Slashdot” (Ghosh).
2.1.4 The DIY Imperative
Andrew Jackson, in “Constructing at home: Understanding the experience of the amateur
maker” defines the range of activities performed by practitioners of DIY as primarily within
the realm of home maintenance and improvement. The term is often used to describe a far
8 The “core” of the operating system.
9 With enough people looking at a piece of code, someone is bound to pick up problems that others may have
missed.
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wider range of practices, and as such has led to a body of literature that is “fragmented
and decentered” (Jackson 7).
The practice of much of what we today know as DIY has roots in practices of domestic self-
reliance. As recently as the early 20th century most people were still repairing their own
houses and fixing their own plumbing. This self-reliance has been subsumed by specialisa-
tion in modern society, and the specialists inherent in the post-manufacturing economy of
services.10 Stacey Kuznetsov thus defines DIY as “. . . any creation, modification or repair of
objects without the aid of paid professionals.” (Kuznetsov and Paulos 295).
There are multiple driving forces and circumstances behind this need. Gelber suggests that
due to the rise in industrialisation in postbellum America, portions of the male population
had anxieties regarding loss of autonomy and manual competence (found in the artisanal
and farming traditions)11, and as a result, there was a movement towards reclaiming the
domestic sphere as a site of masculinity (Gelber). In the 19th century the home and activities
related to the home were traditionally female dominated and very little work inside and
around the home was performed by men. Only after 1900 was any home-related work
undertaken by men in any significant manner (70). The conventional and ornate aesthetic
associated with Victorian era furnishings and interior design made way for more utilitarian,
simple and robust styles such as “Craftsman12”, and “Bungalow” that placed emphasis
on physical, craft-like skills. In addition, besides starting to perform work in their home,
many men were starting to find space within the home for a small workshop or at least
space for a workbench (77). Under this emerging rubric men tended to claim the basement.
This was already male-dominated space due to the man of the house’s duty to clean and
stoke the central-heating furnace. The gendering of activities in the home was echoed by
contemporary writer and civic reformer Charles Lummis (in Gelber 74) when he states
“Any fool can write a book but it takes a man to dovetail a door.” This masculinisation
of a formerly feminine territory speaks to an interesting and relevant phenomenon. The
domestic sphere was in this case a site of labour, in that affective labour was at this point
traditionally feminine, in the form of child-care, housework, arts and crafts, and took place
within the workplace of the home. Both this labour and the workplace itself were now
being “de-feminised”, but the association with affect remained.
Between the turn of the century and the 1930s, the number of privately owned houses grew
exponentially. After 1920, so did the number of privately owned automobiles. Almost half
of the workforce at the time consisted of skilled manual workers, who worked on their
own homes extensively. Gelber articulates this poetically, stating: “And in lovely symmetry,
the working men who bought the inexpensive cars produced by Ford’s workers spent their
free time building shelters for this first generation of cheap automobiles” (Gelber 82).
It was also during the early 1920s that DIY became more mainstream and allowed for shared
ideas and frameworks with the popularity of Popular Mechanics magazine, and its collection
of pragmatic, useful, and sometimes bizarre ideas and plans for labour-saving devices for
the home, and the advent of organisations such as the “Home Workshop guild” of the early
10 Manufacturing jobs in the USA account for around 14%; the remaining 86% is in service related industries.
11 He notes that before the Civil War only 12% of Americans were formally employed by someone else but by
1910 it was more than 66%
12 After Gustav Stickley, the American proponent of Morris’ Arts and Crafts movement
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1930s. Gelber positions DIY as a contradictory and enigmatic pastime calling it “leisure that
was work-like and chores that were leisurely”, and asserting that it “produced outcomes
with real economic value that might actually cost more in time and money than the product
was worth” (Gelber 82). Furthermore, it was rationalised as “money-saving, trouble-saving,
useful, psychologically fulfilling, creative, or compensatory” (83). DIY was now a hobby
premised on affective labour. It was performed independent of other rationalisations, for
enjoyment, a sense of satisfaction, and even a sense of community.
The use of the term Do It Yourself can be traced back as far as 1912, but the earliest promi-
nent use of this phrase, according to Gelber, was on the front cover of Business Week in June
1952, where it was positioned as a growth industry worth in the region of 6 billion dollars
annually. DIY had been steadily rising in popularity since the end of the war and the sub-
sequent explosion in housing and returning manpower (Gelber 92). In “Do-It-Yourself: A
Walden for the Millions?” Roland cites a later (the late 1950s) shortage of skilled workmen
and subsequent rising labour costs as a factor in the rising popularity of DIY (Roland 154).
Sarcastically, he characterises some young couples performing DIY on their own home as
“so unconcerned with total cost or interest rates that they provide a veritable syllabus of
ways to make two dollars do the work of one”. This evidences a similar motivation for both
DIY-ers and hackers of doing this work for enjoyment. Roland acknowledges the power of
affect in driving the DIY-er, pointing out that “In specific, concrete jobs carried through
from beginning to end, they find the satisfying feeling of individual identity and measur-
able accomplishment they fail to get from their everyday routine in an office, the assembly
line, or behind a counter” (154).
2.1.5 Convergence of these forces - The Maker movement.
At first glance, there appears to be little difference between the DIY community and makers,
after all, both groups are all about making, fixing, and improving things. Technology writer,
entrepreneur and vocal advocate for the Maker movement, Chris Anderson, acknowledges
this problem and asks “What exactly defines the Maker Movement? It’s a broad descrip-
tion that encompasses a wide variety of activities, from traditional crafting to high-tech
electronics, many of which have been around for ages.” (Anderson, Makers : the new in-
dustrial revolution 25). Amateur design and craft researcher Andrew Jackson, writing about
English makers, narrows the focus neatly by defining the makers’ ethos as fundamentally
the same as that of DIY-ers, but defining and distinguishing them as “Makers of things,
rather than maintainers of dwellings and spaces. They make for pleasure rather than neces-
sity, and their making is rooted in a kind of homegrown inventiveness that some writers are
beginning to regard with nostalgia” (Jackson 9). McFedries (in Landes 1) defines the Maker
as “[A] high-tech tinkerer who lives to take things apart, modify. . . them to perform some
useful or interesting task, and then (sometimes) put them back together.” Taking these
loose definitions as a starting point, I will develop a more detailed profile of the Maker
movement. There are a number of further factors that distinguish makers from tinkerers or
general DIY enthusiasts.
The most important marker of makers is their relationship with technology. The instan-
tiation of the Maker movement discussed here is evidenced in developed countries, or
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more specifically, the class fraction that holds a privileged social and economic position,
with adequate disposable income and resources, and access to equipment and components
(Tanenbaum et al. 2605). Access to the Internet is a major factor. Dougherty credits this with
the cohesion of the movement: “Today’s makers enjoy a level of interconnectedness that has
helped to build a movement out of what in the past would have been simply a series of
micro-communities defined by a particular hobby or activity” (Dougherty 12). Kuznetsov
agrees that it is this “emergence of new sharing mechanisms” that have contributed to “re-
newed interest and wider adoption of DIY cultures and practices” (Kuznetsov and Paulos
295).
Many makers are formally employed within the engineering or software industries and so
are familiar with the various tools and practices of these disciplines. High-tech tools such
as 3-D printers, laser cutters, machine tools, oscilloscopes, and so forth, are integral parts
of their toolkit. The advent and rapid adoption of the “Maker Space” or “Hacker Space”13
concept within the last ten years14 has accelerated and widened access to these tools. The
“Maker Space” is a venue, normally set up as a workshop, where for a small monthly (or
per session) fee, anyone can have access to both the aforementioned tools and the expertise
of experienced hackers, makers and engineers. These spaces have a history going back as
far as 1995 (C-Space, in Berlin), but became popular around 2008, with the founding of NYC
Resistor, HacDC, and Noisebridge. NYC Resistor member Bre Pettis later started MakerBot
Industries which is a significant turn in the history of maker-driven 3-D printing.
Both Kuznetsov and Dougherty credit this availability of and access to tools as a key
point in the rise of the movement (Kuznetsov and Paulos 295; Dougherty 12). It is not
just the availability of tools that is important, but the materials for making, hacking, and
taking apart (a favourite maker and hacker pastime). Tanenbaum points out that “Our
current economy thrives on regular obsolescence, generating a surplus of ’disposable high-
technology’ that greatly lowers the costs of hacking and experimentation” (Tanenbaum
et al. 2605). The emergence of China as the global power in low-cost manufacturing has
meant that the market is flooded with cheap, easily modifiable and easily disposable parts
and components. Access to these parts is simplified by the existence of online stores or
aggregators such as AliExpress,15 DHGate16 and similar sites, where the hobbyist can com-
pare prices from different manufacturers, and order online direct from the manufacturer,
in most cases with free worldwide shipping.
Like the DIY community’s Popular Mechanics magazine in the 1920s, various magazines have
emerged to feed the growing maker market. Make Magazine appeared in 2005, published
by maker advocate and activist Dale Dougherty, with the intention of focusing on DIY and
‘Do It With Others (DIWO), thus emphasising the shared and collaborative nature of the
movement. Likewise, in a more physical realm of interaction and sharing, the same group
of enthusiasts that started Make Magazine started a global trend of “Maker Faires”. These
13 Hacker Spaces have a spiritual ancestor in the German CCC Hacker collective, and so concentrate on software
and Information security, but with much in common with Makers. For the purposes of this paper, I won’t
distinguish between these two concepts, particularly for the European spaces. The American spaces discussed
are pure “Maker Spaces”.
14 C-Space, in Berlin, goes back as far as 1995. Metalab in Vienna (2006) is widely credited with being the first
Maker/Hackerspace model to be widely copied
15 www.aliexpress.com
16 www.dhgate.com
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are gatherings, usually in large cities, of makers, allowing people to exhibit their wares,
sell, buy, interact through workshops and lectures, compete, and immerse themselves in
the atmosphere of “making”. Starting from relatively small beginnings on the West Coast
of the USA in 2006, by 2013 there were 98 international Maker Faires. The two flagship
Faires in the San Francisco Bay Area and New York City drew 195 000 visitors over a
combined six days.17
The factors outlined here talk to ideas I presented earlier regarding both the hacker and
the DIY communities. Foremost is the sense of collective community, either by sharing one’s
own work through online discussions or magazines and being able to see what others are
doing, or at physical gatherings. On a larger scale is the ability to focus on shared visions
and aims for the movement.
2.1.6 Maker motivations
I have presented some background into the emergence of the Maker movement and argued
that it is motivated by shared principles and material forces that warrant it being called a
movement. I now move on to a key aspect of this movement which is the idea of motiva-
tion, and in particular, the ephemeral and intangible motivations for this labour. These can
be loosely categorised under the headings of learning, affect, and ideology, and these in-
tangible motives are important for the ongoing and often intensive labour that takes place
within, and is required to sustain the movement.
2.1.6.1 Learning
Kuznetsov cites “learning new skills” as being the second most supported motivation for
doing DIY work. He supports this claim with data drawn from a survey of 2600 individuals
over a number of communities that could be classed as makers. He then goes on to propose
that “DIY is a culture that aspires to explore, experiment, and understand” (Kuznetsov and
Paulos 300). This reflects one of the original hackers’ motivations, as explored earlier in this
chapter, the quest to find out how things work and then to master them. Lande endorses
this view in his assertion that makers demonstrate a “propensity toward lifelong learning”
(Lande 1). The frequent tendency of makers (as mentioned later) towards experiment rather
than production of workable solutions supports this.
2.1.6.2 Creativity and Affect
I have argued above that the earlier more traditional DIY movements are often driven by
creativity and affect. Kuznetsov relates that the “vast majority of [. . . ] respondents con-
tribute to DIY communities not to gain employment, money, or online fame, but to express
themselves and be inspired by new ideas” (Kuznetsov and Paulos 301). Mark Hatch, in
17 Maker Faire Africa was held in Johannesburg for the first time in 2014, however statistics are proving difficult to
obtain.
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attempting to distill the maker ethos into a manifesto, theorises that creativity and creation
are both fundamental to “what it means to be human” (Hatch 25). In addition to the act
of creativity, another motivation is that of enjoyment and pleasure from the act of making
itself. Despite the end result from the act of making being some sort of tangible outcome,
Jackson finds that “. . . it is clear that in the cases considered the possession of the final arti-
fact tends to be eclipsed by the pleasure and satisfaction gained from the making process”
(Jackson 13).
2.1.6.3 Community/Participation/Resistance
Historically, communities have accreted around shared ideas of DIY. These include the TMRC
at MIT in the 1950s, The Open Source /Linux communities and their numerous factions,
and the “Home Workshop Guild” of the 1930s. These communities vary in their purposes
and structure (politically and physically) with some being more oriented towards activism
and others towards the sense of community. Some meet physically, others never meet phys-
ically at all. The hacker figure is often marked as a loner or a “romantic individualist”
(Coleman and Golub), yet has the need for some sort of community of practice, at the very
least for pragmatic exchange of ideas and the need to show off their handiwork. Despite
these conflicting traits, the hacker thrives in the context of online communities, and the
Internet has been critical to the development of these communities of not just hackers, but
also makers (Kuznetsov and Paulos; Kreimer; Coleman). The original, Ur-Hackers from
MIT, and their contemporaries were the first generation of hackers/makers/tinkerers to
enjoy the communication and collaboration facilities offered by the embryonic Internet.
An important aspect of involvement in these communities that is often emphasised is that
of sharing or giving back. That is, in the spirit of Open Source agreements such as the GNU
Public License (GPL), you should “pay back” or “pay forward” any changes, modifications
or improvements you have made to the software code or hardware design of the project
you are participating in. Interestingly, Kuznetsov finds this is not as common as expected
as only 51% of her respondents agreed with this as being a factor (Kuznetsov and Paulos
299). Data on participation in other maker projects such as Open Hardware and similar
endeavours is scarce for now. Looking again at the Linux community, one set of current
statistics puts the number of Linux users at 7.5 million, yet the number of contributors to
the core Linux code base is only in the low thousands, with most of these in fact being paid
employees of software companies (“Linux Development Report, Project Website”).
In addition to the sense of community and sharing, many activity based groups hold some
form of political point of view in common. For instance, Bratich finds this in communities
of knitters, weavers and practitioners of other handicrafts (Bratich and Brush). They have
much in common with the Maker movement in their attitude to craftsmanship and often
convene to discuss political issues while they work on projects.
Tanenbaum contends that DIY practice is “a form of nonviolent resistance: a collection of
personal revolts against the hegemonic structures of mass production in the industrialized
world” (Tanenbaum et al. 2609). This aligns with discourses in the Open Source move-
ment regarding attitudes towards commercial software companies and reflects common
discourse from within the Maker movement. The Maker movement’s activist role is that of
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resistance to these “hegemonic structures” and modes of consumption (Anderson, Makers
: the new industrial revolution; Gershenfeld; Ramocki). These resistances feature as ideas
of reclaiming methods and technologies of production from the military-industrial com-
plex, and re-imagining and redeploying these in a hobbyist context. Easier access to these
technologies and tools has realised the possibility of “democratisation of manufacturing”
(Tanenbaum et al. 2604). Modes and methods of production previously only available to
large companies and industries are now within reach of the hobbyist. Not only is this a case
of direct access to the tools, but also easier access to infrastructure. Anderson characterises
this as such:
The tools of factory production, from electronics assembly to 3-D printing, are
now available to individuals, in batches as small as a single unit. Anybody
with an idea and a little expertise can set assembly lines in China into motion
with nothing more than some keystrokes on their laptop. A few days later, a
prototype will be at their door, and once it all checks out, they can push a few
more buttons and be in full production, making hundreds, thousands, or more”
(Anderson, “In the next industrial revolution, atoms are the new bits” 4).
Anderson and others are characterising this trend, and by extrapolation, its proponents, as
part of a “new Industrial Revolution” (a discourse which will be examined in later chap-
ters of this dissertation). Anderson suggests that “one-person enterprises . . . can get things
made in a factory the way only big companies could before” (Anderson, “In the next indus-
trial revolution, atoms are the new bits” 4). This democratisation of manufacturing and (la-
tent) entrepreneurship is increasingly being referred to in terms of “citizen empowerment”.
Ratto attributes this to “Individuals . . . afforded digital tools, either through affordable 3-D
printing hardware or streamlined outsourcing, [able to] to engage with the act of making
directly.” (Ratto and Ree 7).
2.1.6.4 Nostalgia
Tropes of utopianism are recurrent themes in discussions of technology. Kling (in Sivek
190) notes that utopian ideas are common in discourses on the role of computers in so-
ciety, and Sivek cites the use of many concepts of American ideology — bordering on
nationalism — in publications such as “Make Magazine”, namely the idea of technological
determinism and utopianism (Sivek). Hand-in-hand with these notions of futuristic tech-
nological utopias are feelings of nostalgia for the way things were done in the past. This is
reminiscent of Romantics William Morris18 and John Ruskin and their drive to preserve tra-
ditional modes of craftsmanship (Thompson). Even within this zeitgeist of advanced digital
technology, there is a move back towards traditional craftsmanship and bespoke artisanal
production of certain goods. This can be seen in the profusion of artisanal coffee roasters,
craft breweries, handmade clothiers, and even artisanal light bulbs. Sivek quotes an article
from Make Magazine:
Technologies from the dusty attic of the past can have as much mystery, excite-
ment, and allure as those we imagine are just over the horizon. Today’s amateur
18 Also a follower of Marxian theory and proponent – with specific limits — of mechanisation in the workplace.
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techno-historians don’t just want to read about the gadgets of yesteryear, they
want to build them, to interact with their constituent parts, right down to the
rivet heads and hand-blown triodes (Sivek 200).
Similarly nostalgic, Melchionne presents the notion that the ideology of craft relies on
an ethos of “rugged individualism” and “personal responsibility for one’s own material
surroundings” (Melchionne 249), echoed by Roland’s notion that DIY is a “Walden for the
Millions” (Roland).
Throughout this history of the Maker movement and its direct predecessors, commonal-
ities have surfaced that are connected to the concept of work, participation, personal in-
volvement and ideological investment. There are many ways to explore these tensions and
relationships. I have elected to trace the concept of labour in its various aspects of affective
and immaterial labour in relation to the 3-D printer as a technological artefact integral to
and indicative of the Maker movement. Secondly, despite the Maker movement being all
about making things, much of the work involved, particularly in the context of technol-
ogy, computers and software, does not produce anything tangible. This phenomenon has
garnered increased attention and is known by the term immaterial labour. Thirdly, there is
the issue of what one might call the “distancing” of labour. This is the idea that an object
might be 3-D printed or fabricated “here and now”, but the computer file, and by extension
all the labour of conception, creation and design (in the case of the 3-D printer, the CAD
work), was done “there and then” at a time and/or place distant from where the object is
physically produced.
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This is not the place to go into the development of machinery in detail; rather only in its general
aspect; in so far as the means of labour, as a physical thing, loses its direct form, becomes fixed
capital, and confronts the worker physically as capital. In machinery, knowledge appears as alien,
external to him; and living labour [as] subsumed under self-activating objectified labour. The
worker appears as superfluous to the extent that his action is not determined by [capital’s]
requirements.
— Marx “Grundrisse” , 695
3
L A B O U R A N D T H E S I X T H WAV E
The 3-D printer and the Maker movement are a product of specific sets of economic, social
and technological markers and influences. Technologies are “crystallizations of socially
organized action.” (Sterne 367). In other words they are shaped by those who conceive
of them, use them and talk about them, and this shaping occurs as a function of how
these individuals or groups are themselves shaped by influences on and within society of
the period. One of these critical aspects of “socially organised action” is labour, and this
research focuses on the different forms of labour involved in 3-D printing technology and
the Maker movement. The qualities and dimensions of this labour are also structured by
the period (Bourdieu would call this Habitus (367)). This chapter examines and characterises
the primary forms of labour inherent in the Maker movement, and locates them within a
historic context.
Labour, in Marxian terms, exists in dialectical tension with capital, and the relationship
between these two elements is essential to the argument presented in this dissertation. In
this chapter, I characterise the dominant forms of labour in the current socio-economic era
termed the “late post-Fordist” economy.1 A key marker of this economy is that a significant
portion of labour performed by the workforce is unrelated to physical production of goods.
For example, 86% of labour in the USA is currently situated within the non-physical and
service related industries (“U.S. Bureau of Labor Statistics, Project Website”). These new
forms of labour and types of workplace have been theorised and discussed by a number of
thinkers active within the Italian Autonomist Marxist movement – see (Hardt, “Affective
labor”; Negri and Hardt; Virno). Their work will thus inform the core of my framework re-
garding forms of work and labour in this late post-Fordist era. I review the primary modes
of labour and the major social and industrial points of inflection of the last two centuries
to show the origins of the particular forms of labour manifest in the Maker movement and
the discourses surrounding the 3-D printer in particular.
The period immediately preceding the industrial revolution in Europe marked the first ma-
jor transition in labour in recent history. It was characterised by the shift from decentralised
artisanal, agrarian and craft-based labour to more formal and centralised factory-based
work. Marx’s “A Fragment on Machines” was influenced by this transitional era (McLellan),
and so this provides a frame for my analysis of labour. In the previous chapter I argued that
3-D printing and similar technologies that promise the democratisation of manufacturing
are heralded as the “next industrial revolution”. This recurrent invocation of the industrial
revolution suggests that it is necessary to identify any parallels between that period and
the current period. The shift in dominant modes of labour was afforded by various tech-
1 Given the definition of economy as “the wealth and resources of a country or region, especially in terms of
the production and consumption of goods and services”, I argue that the use of the term in this research is
acceptable without the requirement of delving deeper into economic theory. This is after all, not an economics
paper.
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nologies such as advanced iron-making, the steam engine, and so forth sets a precedent for
similar shifts throughout Western history. The rapid growth of factory-based work due to
mechanisation culminated in what is arguably its most formalised manifestation, Fordism.
Henry Ford, his production line, and the associated fragmentation of labour, and his drive
for absolute efficiency dominated Western manufacturing until the late 1960s.
The next significant turn was one towards intangible labour. This was marked by the
Fordism /Post-Fordism transition that heralded a change in not just forms of labour, but
changes in the workplace. As labour shifted from manual, production-line based labour
towards intellectual, intangible and sometimes precarious work, new workplaces opened
up. The nature of the workplace changed from the public, such as factories, to the private,
for example home offices, and other less centralised and formal workspaces.
Economist Nikolai Kondratiev theorised these shifts as cyclic and although the relevance
of his ideas to modern economics has been argued by a number of modern economists,
Kondratiev Waves are a convenient method of classification and ordering of these stages of
transition, beginning with the Industrial Revolution and working forwards until the current
era (Solomou; Korotayev, Zinkina, and Bogevolnov).
3.1 the information revolution and post-fordist thought
According to Amin, “There is an emerging consensus in the social sciences that the period
since the mid–1970s represents a transition from one distinct phase of capitalist develop-
ment to a new phase” (Amin 1). This new phase has been described by various terms such
as post-modern, post-industrial, and the fifth Kondratiev wave. For the sake of consistency in
my arguments, this dissertation will use the term post-Fordism. Stuart Hall describes this as
simply “. . . A broader term, suggesting a whole new epoch distinct from the era of mass
production” (Hall 24). According to Hall, two of the significant markers of this era are
a shift from physical work towards information technologies, and a more decentralised
labour organisation allowing for more flexible work conditions and organisation.
There are a number of differing approaches to, and speculations regarding the effects of the
post-Fordist move (see Elam, (in Amin 43), Peck and Tickell (in Amin 280), and Harvey (in
Amin 361)) but the fundamental features of the Post-Fordist economy are generally agreed
upon. Bell, in “The coming of the post-industrial society” characterised this move as “a
shift from a goods producing to a service economy; a move in occupational distribution
away from manual labour to the pre-eminence of professional and technical work”. Dyer-
Witheford agrees that increasing levels of automation and the subsequent replacement of
production line workers by “cybernetic systems and continuous flow processes based on
automatic control” is the core marker of this latest phase (Dyer-Witheford 87).
Sternberg has gone further by breaking this epoch down into eight potential new ages, the
final three elements are of particular interest in this research (Sternberg). These ages are:
1. The information age.
Coetzee 27
2. Post-modernity.
3. The rise of global interdependence.
4. New mercantilism.
5. A new age of corporate control.
6. Flexible specialisation.
7. New social movements, and
8. The rise of fundamentalist rejection of technocracy and consumerism.
As a result, (human) labour is moving from handling and processing of materials to su-
pervisory and service functions.2 Two important aspects quoted by Hall, and reiterated by
Sternberg as the information age (item 1 in the list above) — which involves the generation
of wealth through the exercise of knowledge and trade in information activities, and The
age of flexible specialisation (item 6 in the list above), marked by new methods of production,
decentralised production, and increased flexibility of workforces and working conditions
(Amin 2). This is often referred to as the New Economy. Castells positions it as “A new econ-
omy [that] emerged in the last quarter of the twentieth century on a worldwide scale. I call
it informational, global and networked to identify its fundamental distinctive features and
to emphasise their intertwining ” (Castells 77).
Sternberg’s seventh “age of New social movements” is shaping this new economy (Sternberg
1029). He theorises that in the industrial age workers involved in manual work on a pro-
duction line directed their loyalties towards the company, military, national identity, and
so on. He suggests that now they are aware of and have access to a much wider range
of concerns and identities. He identifies these as gender, environment, sexual preference
and so on (1030). There has been a resultant groundswell of new social movements due
in part to the combination of this factor and access to information, and the use of social
networking to further causes and connect like-minded people (Bratich and Brush; Chun;
Dyer-Witheford). Sternberg solidifies this idea by stating that:
Despite their diversity, the social movements share a common thread – the open,
participatory ethic (Sternberg 1030).
This idea forms a significant thread of this research - the concept of an ethos which sup-
ports and is built upon openness, sharing of ideas and resources, and is situated within
the context of a post-Fordist, information-based society. Despite difference of interpetation
there is consensus that networking technologies such as the Internet and its various ap-
plications have resulted in a recent explosion in innovation and invention (see (Korotayev,
Zinkina, and Bogevolnov; Devezas, Linstone, and Santos) for more detail on these various
arguments). It appears that we are approaching a sixth Kondratiev wave, consistent with
what Castells describes as following from earlier similar bursts of technological innovation.
These were revolutionary in that they were marked by a “sudden, unexpected surge of
2 This is not the case for all economies in the current period, China being an example.
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technological applications [which] transformed the processes of production and distribu-
tion, created a flurry of new products, and shifted decisively the location of wealth and
power” (Castells 34).
3.2 the industrial revolution
However, I return to England of the late 18th century to begin my review of labour. Around
this time a series of innovations drove a major change in the cotton industry of the period
(Landes). The inventions of Arkwright and others (including the cotton gin, the spinning
jenny and the flying shuttle) (Freeman and Louçã 158) afforded massive savings in time
and costs (from the producer’s point of view) in processing raw cotton. Landes describes
these innovations under three headings: The substitution of machines for human skill and
effort, the substitution of inanimate sources of power such as steam, and the use of new and
more abundant raw materials. These changes would expand rapidly into other industries.
At the time this shift started Europe was still essentially an agrarian society. Various forces
in the fourteenth and fifteenth centuries (mainly the plague in the late 14th century) had
resulted in shifts in power relationships between landowners and serfs (Brenner 38), and
most were now free peasants either renting land from landowners, or freeholders. The old
model of indentured labour, where villeins were allowed to work some land for themselves,
but as payment needed to pay both rent and labour to the landowner to whom they were
legally bound had mostly fallen away.
To some extent, the peasants were now free wage workers. As for the primary employers
of the period, according to Bryer, social relations of the landed and merchants had begun
to merge, and as a result capitalist farmers began joint ventures in exploration, commodity
production and trade (Bryer 30). Marx (in Bryer 30) recognises the period from about 1750
onwards as the rise of this capitalist farming with the landowners (the capital holders)
primarily employing waged labour. The nature of this labour was mostly manual — farm-
work in the form of ploughing, tilling and harvesting, woodcutting and so forth.
On the other hand were the skilled artisans – involved in fields such as masonry, glass mak-
ing or fabric weaving, and who had some measure of protection afforded by their guilds.
Production by these trades was marked by the fact that in producing an object or artefact,
the artisan was in control of every step, from selection and procurement of the raw mate-
rials right through to finishing and distribution of the article. There was however a steep
price for guild membership, as (prior to 1563) the accepted length of an apprenticeship was
seven years.
This shifting configuration of technological labour, skills capital and social position is worth
noting, as this is the dynamic I will be examining closely in the context of the Maker move-
ment and the 3-D printer. However, before the current era there was another adjustment in
this dynamic due to the uptake of mass production and the production line.
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3.3 the age of mass production
3.3.1 A Brief introduction to Fordism
In the years during and immediately after the height of the English Industrial Revolution,
most production was still in the form of craft production. A notable exception was an at-
tempt by noted textile designer and early contributor to the English Socialist movement,
William Morris. Morris was vocal in his resistance to methods of production starting to
take hold in English industry of the period. He was not anti-machine although many oth-
ers in the period were (Kinna 494), but supported machinery inasmuch it could free up the
worker to perform more meaningful, “thoughtful” work. Morris was attempting to stream-
line the production of hand-made goods, like textiles, stained glass, metalwork and similar
decorative arts through basic assembly-line techniques. This turned out to be untenable,
though, as the requirement to produce goods in a timely and efficient manner conflicted
with his aim to allow workers to retain individual agency (Thompson). This is an early
example of the emergence of artisanship as a form of resistance. We have seen these seeds
bear fruit in discourses evident in the Open Source movement and even more so with the
Craft and Maker movements. This is a core theme in discourses surrounding 3-D printers
that resists not just the mechanics of mass production but also the principles of consumer
culture.
While affording some of the advantages of (what we now know as) the production line,
this did not come into widespread usage until Henry Ford and the Ford Motor Company
flipped the switch on the first iteration of the all-too familiar production line in 1908 mark-
ing a significant point of inflection in the histories of both manufacturing and labour.
3.3.2 The year of our Ford, 1908
The production line in various forms had been running in slaughterhouses for some years
(Clarke 4), and in making and packing tin cans over thirty years before Ford (Giedion 115).
Ford saw this as a means toward streamlining production and making a luxury item — the
automobile — into a commodity that anyone could afford. The driving forces behind his
move from craft production to large-scale industrial production were the relative scarcity of
skilled workers, particularly at the scale he needed, and the strength of their organisation
in the form of the craft unions and guilds (Clarke 1). This movement was marked by a
number of features, namely:
• The decomposition of tasks, that is, breaking a large task down into a number of
smaller tasks to be done by less-skilled workers.
• Specialisation of tools, or creating tools for a specific function on the production line.
• Assembly of these tools into a machine.
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• The subsequent assembly of machines into a machine system, in other words a pro-
duction line.
This decomposition3 of tasks also broke the traditional means of controlling labour on the
factory floor which was to pay skilled workers per piece produced, and thus meant the
need for supervision and other methods of worker control. This also put much more direct
control of workers back in the hands of management. (Clarke 4)
Two aspects of Ford’s innovation had significant impact on the labour force: the deskilling
of previously skilled work, and the radical separation of production from final assembly.
The added factor of his injection of scientific and technical progress into the labour process
had (and still has) ongoing effects. From both a labour and social point of view, the rigid
distinction between skilled and unskilled work allowed this difference to carry over into
the workforce at large, leading to the differentiation in the form we still know today with a
small force of skilled workers – and the associated larger group of unskilled labourers. Ford
understood, however, that this deskilling of much of the work force and the requirement for
lower wages for less-skilled work, also led to a corresponding decrease in buying power in
the market. This resulted in the working class not being able to afford the very products that
were aimed at them. It is no accident therefore, that hackers, the Open Source movement
and the makers have common cause in their resistance in terms of their motivations to learn
(reskilling), affect (in response to the fragmentation of tasks), community and the collective
as compensation for industrial processes, and finally open resistance to the principles and
practices of the late capitalist model.
3.4 models of labour and value
Despite the strong academic tradition theorising labour in previous eras, there are fewer
options available which adequately covered new and non-manual forms of labour in the
current era. However there is a renewed interest in Marxist thought led by Žižek and others
in light of the recent global financial crisis (Žižek). For instance Dyer-Witheford cites Der-
rida in asserting that rather than Marxism being rendered obsolete by the information age,
certain of Marx’s themes become more apparent, for example the internationalisation and
automation of production (Dyer-Witheford 8). The extent could not be foreseen by Marx,
but the forces of globalisation, pre-eminence of the media and tele-work all have direct
bearing on the Marxian concept of general intellect (11). This concept originally had impli-
cations for the elimination of workers from the factory floor (by automation), and global
transport and communication networks binding the world market together. Fuchs, in his
work on digital labour, asserts that Marxism provides the most comprehensive framework
for these discussions:
“When discussing what work and labour are, Marx offers the most thorough analysis that
is available. In encyclopaedias and dictionaries of economics, entries such as labour, labour
power, labour process or labour theory are therefore often predominantly associated with
Marx and Marxist theory” (Fuchs and Sevignani 239).
3 Actually, Marx, in his essay Machinery and Modern Industry’ (Capital, Vol. 1) described this process quite well.
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Marxism can be seen as a multiplicity of themes and ideas, often (in the spirit of dialectics)
in conflict with each other. Dyer-Witheford characterises this as “. . . Not so much of Marx-
ism as of ’the Marxisms’ ” (Dyer-Witheford 8). To develop my argument I will focus on
a very specific set of these Marxisms: those theorised by the Italian Autonomists. The pri-
mary thinkers in this area are Michael Hardt and Antonio Negri and their work “Empire”.
Some theorists have described this area as more post-Marxism than Marxism itself (Hall
et al.; Thoburn), although within this research that is more a semantic issue than anything
else.
The hobbyist 3-D printer and the Maker movement typify these post-Fordist forms of pro-
duction and labour. Secondly, the emergent discourses surrounding the 3-D printer in the
hands of hobbyists and Makers are very similar to the Autonomist dialogues on affec-
tive and intellectual labour. I have already introduced aspects of these motivations and
ideologies in Chapter 2 when discussing the Makers and their predecessors and influ-
ences. Notwithstanding the correspondence between the Maker movement’s principles and
mythologies and the ideological underpinnings of the Autonomists, there is a problematic
irony in that despite labour being central to these parallels, it is rendered invisible when
talking about the 3-D printer and the Maker movement.
The following section is not an attempt to perform a Marxist-centric analysis of these issues,
but rather to surface some of the important discourses and ideological cornerstones that
inform this critical reading of this labour in a post-Fordist context. It is not my intention to
argue whether or not these ideas are valid, but rather to point them out in advance of the
textual analysis I perform in Chapter 4.
Traditional Marxist thought models capitalism as a steady, linear progression through mul-
tiple stages, ultimately ending in a monumental crisis due to declining rates of profit. Marx
was of the opinion that the estrangement (which he refers to mostly as alienation) of the
worker occurred exclusively where the worker did not own the means of production, this
being the capital, or tools and resources in the factory owned by the capitalist class. There-
fore the worker was cut off from the value produced by his own labor. This concern and
the associated response is evident in the Hacker, DIY, and Maker movements discussed in
Chapter 2, where the labour performed by these groups can be seen as an attempt to re-
claim some of this agency and its value. Marx cited this as the contradiction of capitalism,
the conflict of other, historically overt forms of production such as slavery and feudalism
being occluded by a “cynical” ideology of social and technological progress. Hardt, Negri
and the Autonomist (or Post-Operaist)4 Italian Marxists, operating in the industrial labour
turmoil of 1950s Italy, discarded this in favour of the idea of attack and counterattack, crisis
and response. Dyer-Witheford (in Murphy and Mustapha 137) describes how, in the late
19th century, capital’s response to the residual craft power of the artisanal labour employed
in new factories was the deskilling regimes of Taylorism5 and Fordism. Here we see a pro-
ductive positioning of the idea of craft deployed in opposition to the idea of deskilling.
We can read adherence to the principles of craft as a sort of resistance to the atomisation,
alienation and fragmentation of the mass production process.
4 “Post-workerism.”
5 Scientific Management: in which tasks were broken down and redesigned according to time and motion studies
before then being taught to workers on the line.
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As a response, the newly created assembly line mass worker began organising into unions,
and so on in a repeating cycle of crisis and response. The premise of Autonomism is that
this constant and cyclical series of struggles between labour and capital mutate and re-
shape each other through each cycle. Within these struggles, the driving argument behind
the force of labour is that, whereas capital is dependent on labour, labour is not neces-
sarily dependent on capital. To this end, Dyer-Witherford states that “Labour does not
need capital. Labour can dispense with the wage, and with capitalism, and find different
ways to organise its own creative energies” (Dyer-Witheford 137) and is thus potentially
autonomous from capital and the traditional hegemonies of structure and power within
industry and production. Thoburn describes this as marking “. . . the passage from appar-
ently orthodox concerns with class, capital and the economy, into a post-Marxist concern
with the possibilities of agency, popular practices and new social movements” (Thoburn
75).
Hardt and Negri’s Autonomous Marxist thought provides a convenient and timely lens
through which to view facts and perceptions of labour and value in the Maker movement.
In traditional Marxist thought, valorisation refers to the idea that workers add value to
capital assets and resources through application of their labour. This is also often referred
to as the creation of surplus value. In order for the owner of this capital to make a profit – he
needs to ensure that the worker spends longer effectively working for free, that is, surplus
labour; rather than working to secure the value of his labour power in the form of necessary
labour (Marx, Capital : Volume I, Der Produktionsprozess des Kapitals 325). Cleaver describes
it as “the way in which capital subordinates, transforms and utilizes human productive
activities for its own purpose: endless command over society.” (Cleaver 9).
In contrast, the idea of self-valorisation is explained by Negri as “the possibility of not
working hard, of living better, of guaranteeing the wage” (Murphy and Mustapha 90).
Cleaver expands this to also mean to not just ensure one’s own wellbeing within (or outside)
the workplace, but to find time and space to become involved in projects autonomous and
external to the traditional workplace. This talks directly to the need seen in both DIY and
the Maker movement for affective labour — hobbies and labouring for the betterment of
self and living conditions, and personal growth and empowerment.
Similarly, an important concept in the context of traditional Marxism is that of alienation.
Kai Erikson deconstructs the factors behind alienation in an industrialised capitalist econ-
omy (Erikson 2). Firstly, invariably both the products themselves, and the means by which
these products are produced both end up being owned by someone else other than the
worker. Secondly is the aspect of division and fragmentation of labour. This is when the
process of production is broken down into smaller and smaller pieces and the worker
tends to use less of their skill and knowledge in performing their small task. The worker
thus tends to lose any sense of the bigger picture of the production process and its logic
(Braverman 317). Thirdly, the labour of a worker ultimately becomes just another commod-
ity, in the manner of manufactured goods. According to Marx , “Labor not only produces
commodities; it also produces itself and the workers as a commodity and it does so in the
same proportion in which it produces commodities in general.” (Marx, Estranged labour)
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These factors serve to distance or alienate (or estrange, as some translations of Marx use) the
worker from the product of his labour. In some cases this was intentional given the drive for
higher efficiency by Taylorism and Fordism and the desire to shift agency and control of the
production process away from the factory floor towards management. Braverman writes
that “the labor process has become the responsibility of the capitalist. . . It thus becomes
essential for the capitalist that control of the labor process pass from the hands of the
worker into his own . The transition presents itself in history as the progressive alienation
of the process of the production from the worker” (Braverman xiv). In contrast, the utopian
discourses seen regarding Makers’ user of the 3-D printer position the Maker as resisting
these factors by owning the process, and therefore having skill and agency over the entire
process of production. These discourses are suggesting that the Maker is trying to remove
themselves from this process of alienation and commodification.
3.4.1 Affective Labour
The affective manifestation of immaterial labour was theorised early on by Mariarosa Dalla
Costa and Selma James, Autonomist Marxists who recognised the role of the reproduction
of labour power, and the associated unwaged labour in the home (Fortunati 145). Negri de-
fines affective labour as “. . . immaterial, even if it is corporeal and affective, in the sense that
its products are intangible; a feeling of ease, well-being, satisfaction, excitement, passion —
even a sense of connectedness or community” (Negri and Hardt 96). This is precisely the
kind of intangible reward seen in the Hacker and Maker communities, illustrated by Linus
Torvald’s earlier statements (see Section 2.1.3) on why he started the Linux project for fun
and a sense of community. Hardt and Fortunati reiterate the traditional place of affective
labour as being in the home, related to childcare and homemaking (Hardt, “Affective la-
bor”). However, Fortunati argues for the de-feminisation of affective labour (Fortunati 14),
in that much theoretical, symbolic and artistic work shares common traits in being under-
valued, often unwaged, and heavily reliant on emotional and social wellbeing and rewards
in lieu of traditional wages.
3.5 the general intellect and biopower
At the time Marx wrote “Grundrisse” in 1857, the generation of wealth depended primar-
ily on workers directly expending physical labour. He suggested that at some point in the
future of capitalism this would change, that wealth creation would depend on the “devel-
opment of the general powers of the human head” (McLellan 694). He went on to describe
this in various forms, including social intellect, and the general productive forces of the social
brain (709). This is commonly described within Autonomist Marxist theory as the General
Intellect redefining Marx’s original idea of this being “power of knowledge objectified in
the physical machinery and plant of the factory” (Ray 3). This is by no means a leap of
faith if one considers that the physical machinery and plant of the new social factory is in
fact the human brain. Arviddson describes this as “. . . putting to work commonly available,
socialised competencies” (Arvidsson 17), emphasising again the idea that it is not just the
individual’s cognitive abilities and labour that contribute to this workforce, but the power
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of social connections and networks. The emphasis on the social in these terms is important
given the post-Fordist turn towards knowledge-based labour, and the reliance and intensive
usage of communications technologies for not just everyday communication, but collabo-
ration. Tiziana Terranova, who writes extensively on unwaged intellectual labour amongst
internet communities quotes Tapscott in describing the digital economy as a “new economy
based on the networking of human intelligence” (Terranova 37). She goes on to theorise the
Internet as highlighting “the existence of networks of immaterial labor and speeds up their
accretion into a collective entity. ” (42). Returning to to my earlier examination of the Maker
movement in Section 2.1.6, one can see how the ideas of collaboration and sharing appar-
ent within both the Maker community and the Open-Source community seem to reproduce
many of these ideas.
3.6 the new workplaces - the social factory
Where traditional forms of manual labour require physical presence, whether it be a farm-
hand (who, by nature, has to work at a farm), or a factory assembly-line worker, who
obviously has to work on the assembly line situated in a factory, these new forms of labour
are more flexible. Aided and driven by the pervasive penetration of communication and
data processing technologies this labour may take place anywhere. Negri calls this concept
the Factory without walls, and describes it as a function of labour being deterritorialised,
dispersed, and decentralised (Negri 89). Dyer-Witheford extends Negri’s earlier idea to po-
sition the worker as part of a post-Fordist proletariat, and if the “. . . mass worker had labored
on an assembly line, the socialized worker was at the end of a fiber-optic line” (in Murphy
and Mustapha 139). Dyer-Witheford goes so far as to call those who work within this con-
text “Cyborgs”, in that the combination of human and computer is required to perform
this work (in Murphy and Mustapha 139).
Negri argues that workers within the factory are learning the skills and knowledge required
to use the tools of global industry, and at the same time, are learning how to use these same
tools outside of the factory. With the knowledge and skills having dispersed outside the
traditional factory into the very fabric of society, capital has gained even more access to
human resource. Negri states that “Work (production), education and training (reproduc-
tion), and leisure (consumption) all become points on an increasingly integrated circuit
of capitalist activity” (Negri and Hardt). This is an important point to remember later in
Chapter 4 when I discuss the struggle between distancing from, while being co-opted by,
traditional industry. Hardt describes modernisation and industrialisation as transforming
and redefining all elements of social life. When agriculture was modernised into industry,
the farm became a factory with all of the inherent discipline, technology, wage and power
relations, and in a similar manner society was gradually industrialised and ultimately “so-
ciety became a factory” (Hardt, “Affective labor” 91).
Negri has devoted considerable effort to exploring the role of information and communica-
tion technologies. He states that his factory without walls can also be seen as an information
factory, a system whose operation depends on the “growing identity between productive
processes and forms of communication”. Dyer-Witheford embraces Negri’s idea of the post-
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Fordist proletariat and how its relationship with high-technology differentiates the worker
in this case from the Fordist-era worker (Dyer-Witheford 112).
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Despite having names of Greek shepherds (Polystyrene, Polyvinyl, Polyethylene), plastic, the
products of which have just been gathered in an exhibition, is in essence the stuff of alchemy. At the
entrance of the stand, the public waits in a long queue in order to witness the accomplishment of
the magical operation par excellence: the transmutation of matter. An ideally-shaped machine,
tubulated and oblong (a shape well suited to suggest the secret of an itinerary) effortlessly draws,
out of a heap of greenish crystals, shiny and fluted dressing-room tidies. At one end, raw, telluric
matter, at the other, the finished, human object, and between these two extremes, nothing; nothing
but a transit, hardly watched over by an attendant in a cloth cap, half-god, half-robot.
— Barthes, “Mythologies”, 97
4
D I S C O U R S E S A N D A N A LY S I S
4.1 methodologies
This analytical chapter has dual aims. On the one hand it provides a detailed reading of the
themes, mythologies and discourses that position the technology of the hobbyist 3-D printer
in its social context. The second aim is more complex. A major aspect of this dissertation
is the complexity and politics of invisible labour. However, the term itself points to the fact
that labour is seldom mentioned in discourses — invisible labour is by definition, invisible.
Can one describe and characterise the lack of something? To deploy another science-fiction
trope, the Invisible Man1 could only be seen by his hat and gloves — we could see the
secondary effects, not the phenomenon itself. However by means of the methods of CDA I
will lay open the constructions and representations in the discourses that surround the 3-D
printer in the popular imagination proffered by the commercial media.
The primary methodology used is MCDA. Traditional Critical Discourse Analysis is centred
squarely within the concept of social semiotics, and draws from various theoretical sources,
including Habermas and the Frankfurt School’s Critical Theory2 (Habermas) and various
aspects of Marxist thought, most notably Gramsci (Gramsci, Nowell-Smith, and Hoare).
Critical Discourse Analysis aims not just to describe discourse, but, being grounded in
social history, semiotics and linguistics, also attempts to explain how and why it was pro-
duced, and the related ideological underpinnings (Tenorio). The additional dimension of
multimodality in MCDA is motivated primarily by the character of the material under in-
vestigation. Advertisements and magazine articles are multimodal media where graphical
and visual, and verbal/textual modes of communication coexist and inform each other.
Multimodal Critical Discourse Analysis provides “a set of tools that [allows us] to study
the choices of visual features just as Critical Discourse Analysis allowed us to study lexical
and grammatical choices in language” (Machin and Mayr 7), and thus the tools to show
how images, photographs and other graphics work to create meaning.
Discourses comprise ideas, values, identities and sequences of activity, and MCDA examines
how semiotic choices used in text and visual forms of communication can signify these
even though they are not explicitly present. Therefore, much like the Invisible Man, the
messages that frame the 3-D printer and speak to the Maker movement can be read in terms
of silences, absences and substitutions. Levine characterises Multimodal Critical Discourse
Analysis as:
1 Claude Rains, 1933.
2 Critical Theory has a long tradition of examination of technological determinism and ideas of reification of
technology and its effects (Ellul and Neugroschel; Winner)
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The recognition that all discourse is multimodal. That is, language in use, whether
this is in the form of spoken language or text, is always and inevitably con-
structed across multiple modes of communication, including speech and ges-
ture not just in spoken language but through such ’contextual’ phenomena as
the use of the physical spaces in which we carry out our discursive actions or
the design, papers, and typography of the documents within which our texts
are presented. (LeVine and Scollon 1)
David Machin and Andrea Mayr’s approach to MCDA provides a useful starting point. Their
approach to this form of analysis involves closely examining the following characteristics
of material (Machin and Mayr 13):
• Firstly, is the lexical analysis of the text itself, determining how lexical fields3 are used
to signify meanings not made explicit in discourses, and how these can be used to
foreground and background issues and elements. For example, what is missing? Is a
significant population group missing from this discourse, and why is this?
• The next focus of analysis is the attitude of the speakers: what quoting verbs are
used (“Fred whined about his work”). This affects how we are driven to evaluate a
speaker and their message. This may also be applied to visual elements, such as the
gaze in a photograph, for instance where are the participants looking - at the viewer
(photographer) or elsewhere?
• The third area of interest is the representation (visually and linguistically) of peo-
ple and all aspects of identity, and how various aspects are foregrounded and back-
grounded, and how this foregrounding or backgrounding act as resources for convey-
ing or suppressing power. Machin suggests that we “. . . can ask if some participants
are represented as always engaged in actions that have a material outcome, whereas
others are always engaged in mental-type processes that may suggest they are more
thoughtful and humane, or, on the other hand, simply less able to act” (Machin and
Mayr 12). Uses of metaphor and rhetorical tropes should be noted, as should linguis-
tic strategies of concealment, that is, implying meanings without them being explic-
itly stated, or presenting issues as fixed and accepted, when they are quite obviously
arguable.
4.2 mythologies
In analysing these texts, there are a number of factors to be aware of. Firstly, is that outside
of specialised industry this is a relatively new technology. Therefore, I have looked closely
at the language and metaphors used to construct this technology in the eye of the consumer.
Especially whether new language and terminology is being deployed, and how pre-existing
language is being deployed. Furthermore, what images and metaphors are being used to
represent the technology? According to Barthes, the primary characteristics of constructions
of myth are as follows: Myth is a type of speech, it is a “mode of signification, a form”,
and since it is a mode of speech, “everything can be a myth, provided it is conveyed by
3 Words acquired their meaning through their relationships to other words within the same word-field.
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a discourse” (Barthes 107). In addition, Barthes notes that in this case, “speech” is not
just spoken word, but can be taken as any mode of communication, being written text,
images, cinema, and so on. Myth is a semiological system. As a “signifier” talks about
the “signified” within semiotic language, Barthes positions myth as a “metalanguage”, this
being a “second language” employed to “speak about the first” (114)
A study performed by Pierre Bourdieu on the sociology of amateur photography is per-
tinent in explaining how existing language is deployed to talk about new technologies.
Given the “naming” of the device as a “3-D printer” (by no means a natural or self-evident
choice), the associated usage of printing metaphors is instructive. Fredric Jameson exam-
ined this study and noted two compelling findings: Firstly, was the “need to justify this
practice for which society had not yet produced any codified role or status”, and the sub-
sequent solution to this problem with the photographers “borrowing” aesthetic discourses
and terminology by “reproducing painting’s apologia in all its variants” (Jameson 207).
Similar reproductions and cooptions of language have been theorised by Langdon Winner
(Winner) regarding discourses of revolution and change brought about by technology. I
will examine these thoughts in due course.
4.3 preliminary analysis
The range of texts selected for analysis consists of articles from online and print publi-
cations, and advertisements from print publications. I have extracted key examples that
typify the prevalent discourses surrounding 3-D printing and the Maker movement, and
shed some light on the invisible aspects of labour. The small sample of texts selected are
intended to provide an illustration of discourses and ideas theorised and discussed in this
dissertation, and as such this cannot in any way be considered to be a corpus analysis. The
texts selected span the time frame from late 2012 until mid-2015, and all except one are
from American-based publications. The sole South-African text is an advertisement from
"Dion Wired". At the time of my preliminary research and selection of sample materials, all
articles examined from similar local commercial publications and sources were syndicated
and localised international stories, and so the only uniquely local material available was
the aforementioned advertisement. The initial analysis pass involved an open coding pro-
cess, looking for commonalities within the material, then creating a tentative set of labelled
categories for ideas and discursive techniques used within the material. I then performed
a second pass of selective coding, taking the categories from the first pass and finding all
instances of these deployed in the texts (with a certain amount of reflexivity in altering and
refining the categories from the first pass of coding) and identifying further sub-categories
and themes. This is not intended to be a statistical analysis and the texts were chosen to
illustrate a number of tropes that surfaced via historicisation of the Maker movement and
its antecedents (Chapter 2). The result of this process is outlined in table 1.
The above readings of my texts revealed two primary groupings of discourse. First is the
deployment of existing discourses and mythicisations of technology, including:
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• Aspects of science-fiction and futurism, utilising ideas of “replicators” or “cornucopia
machines”, utopian ideals of automation and robotic labour freeing humans from the
need for labour (and allowing them to concentrate on creative endeavours).
• Borrowing status and credibility from “hackers” and similar technocratic figures,
while also using this to anchor the binary opposition to ease-of-use of the technol-
ogy.
• Rhetorics of disruptive technology and revolution. Foremost is the idea that this tech-
nology is changing the way goods are manufactured and potentially undermining
the established structures of business and manufacturing.
The second grouping involves the construction of new representational strategies and
discourses around 3-D printing technology. What we see in this are:
• Ideas regarding the domestic space. Positioning this technology within the home
through both textual or visual language of location, and by describing the 3-D printer
as an appliance or home entertainment device. This includes connecting the tech-
nology with “play”, either through the use of the machine, or using the machine to
produce toys. In a related manner, the discourse of play is often used when describing
the technical and skills capital required to use the 3-D printer, using phrases such as
“child’s play”.
• Locating the technology within a particular target market. I use the term “target
market” here with caution, as these texts suggest that the actual market to which these
machines is useful is unknown, therefore in this case it is primarily the demographic
of the consumers of the medium in which the particular text has been published.
As seen in the demographics quoted from media kits and other data at the start
of each reading, this is the well-educated, affluent middle class. A portion of this
target can be termed “early adopters”, who buy new technology well before it is
mature and stable, and often with unknown application, hence the preponderance of
“tchotchkes”4, “trinkets” or, as Elizabeth Royte, the author of one of the example texts
states, “cheap plastic crap”.
• The idea that 3-D printing technology will allow for the “democratisation of tech-
nology”. This is inextricably linked with the idea above of disrupting markets and
traditional manufacturing, but with the added rhetoric of “reclaiming the act of pro-
duction” for the proletariat, and with the potential for everyone to have one of these
machines. This idea is often deployed through invocation of chain stores such as Wal-
mart or Best Buy. I have also included explicit references to workers and ideas of cost
and value of labour in this section.
• The idea of latent creativity, entrepreneurism and innovation. This discourse centres
around the implicit assertion that everyone has the skills, ideas and motivation, and
just needs the right tool or machine to allow these traits to manifest.
4 A “tchotchke” is a 1960s Yiddish word describing “a small object that is decorative rather than strictly func-
tional, a trinket.” This term is deployed often in discourses of 3D printing, and as such I thought it was a useful
piece of terminology to represent many of the objects described.
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Whether these new strategies will solidify with respect to the 3D printer is yet to be seen
because discourses and tropes evolve given shifts in context, and in turn can cause shifts
themselves. However, through a systematic analysis of these clusters, I make the argument
that the types of discourses deployed tend towards the sustained occlusion or deflection of
representations of labour.
The following table outlines the presence of each of these discourses in each text analysed.
C
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Deployed technology myths
Sample text Item 1 –
Advertisement:
The “UP!” 3-D
printer
Item 2 –
Advertisement:
Dion Wired
Item 3 –
Article: “Shaky
start, but 3D
printing revolu-
tion underway”
Item 4 –
Article: “The
New Makerbot
Replicator Might
just Change your
World”
Item 5 –
Article: What
Lies ahead for
3D Printing?
Science-fiction, futurism,
technological utopianism
Not present Present Present Present Present
Romanticisation of hacker,
nostalgia, borrowed status from
hackers
Not present Not present Not present Strongly present Not present
Disruptive, revolutionary,
association with Open Source
Not present Not present Present Strongly present Not present
Emergent Discourses
The Domestic Sphere &
conflation with work-space
Location Present Present Present Present Present
Language of appliances Strongly present Present Present Strongly present Not present
Toys, Fun, Play Present Present Present Strongly present Not present
Childs play, “plug and play”, “press a
button”; skill level
Strongly present Strongly present Not present Strongly present Not present
Target Market
Middle class, affluent Strongly present Present Not present Strongly present Not present
“Cool”, early adopters, unknown
usage, tchotchkes
Strongly present Present Strongly present Strongly present Present
Democratising technology,
workers, free, “designs for free”
Not present Present Strongly present Strongly present Strongly present
Innovation, Creativity,
Entrepreneurship (latent)
Present Present Present Strongly present Present
Table 1: Results of first-pass analysis
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4.4 sample texts
4.4.1 The “UP!” 3D printer, Make Magazine, Volume 37
See p.73
The first item analysed is an advertisement for a small 3D printer. The advertisement is from
Volume 37 (Q1 2014) issue of Make Magazine. This magazine targets the Maker movement,
and was first published in January 2005 by Maker Media.The magazine and company were
founded by Dale Dougherty,5 a significant figure in the global Maker community. In 2006,
he organised the first Maker Faire, to “celebrate arts, crafts, engineering, science projects
and the Do-It-Yourself (DIY) mindset." The readership of Maker Magazine is 80% male,
with a median age of 42 years, relatively affluent ($110 000 annual income), and with ap-
proximately 77% owning their own home. 76% of these readers are college graduates, with
27% having postgraduate qualifications. 33% have technical job titles in fields involving
science, engineering, or research and development. The total readership of Make Magazine
(including passed-along issues) is estimated at 300 000. (“Make Magazine Media Kit”)
The products in the advertisement appear to be standard hobbyist-level 3D printers. There
are two printers represented, one named the “UP! Mini” and the other named the “UP!
Plus 2”. They both appear to be in the process of (or just having finished) printing an an
unrecognisable abstract shape. These printers, plus various items of text occupy the right-
hand half of the advertisement. The left-hand half represents a child assembling a stack
of building blocks. He is sitting at a table, with a soft-focus view out the window behind
him. His gaze is directed at the topmost building block, but also beyond that, towards the
printers in the top-right hand corner of the advertisement.
There is a “badge” over the corner of the leftmost printer identifying it as “Best in class”
for the “Just Hit Print” class in the “Make: Ultimate Guide to 3D printing 2014”. This com-
parison is in the form of a special issue of the magazine, published in 2014. The upper text
on the advertisement reads “You can’t stop innovation”, with (one assumes) the company
name, “Tiertime”, and the text along the bottom of the ad reads “UP! Create! Innovate!’.
Other than a small logo advertising “PP3DP” and smaller text announcing that the product
is available to purchase through Amazon.com, the advertisement contains no other details
of the product or contact details for the company in question.
The advertisement, taking up the top half of the page, is positioned above an advertisement
for a CNC milling machine used for performing complex metal machining tasks. This ma-
chine is from a well known manufacturer of machines for precision, small-scale industrial
and technical work (Tormach). The lower advertisement shows the machine, what it can do
(there is a series of pictures of products made with it), and has prices for a number of vari-
ants in the advertisement. This is fairly normal convention for advertisements of technical
products: the desired information being: what its capabilities are, the requirements — both
skill and infrastructure — to use the machine, and how much it costs. This advertisement
5 Co-founder of O’Reilly publishers, probably one of the largest publishers of technical books in fields ranging
from programming to hobbyist robotics and electronics, and founder of GNN, the first commercial website.
Coetzee 44
would not be out of place in a trade magazine. The “UP” advertisement, by comparison,
has no pricing or additional information about the machines. The fact that one can order
this from Amazon.com reinforces that this is an appliance — rather than having to order
directly from the manufacturer or a specialist 3-D printer store, one can order this printer
and have it delivered with your groceries, books and small home appliances.
The “Mini” version of the printer has a door on the front, and is in sleek satin-finish black.
It would appear that this is meant to sit on a countertop somewhere. This is in contrast to
the “Plus” model, which looks as though it is aimed at the more technical “hobbyist”, with
exposed mechanical parts and yellow warning labels.
The setting of the photo in this advertisement appears to be a diningroom or kitchen table,
suggesting a domestic space rather than a workshop or even the home office or study.
The child indicates ease of use and simplicity in managing the printer, it is“child’s play”.
Taken in combination with the badge indicating this product as winner of “Best in Class
- Just Hit Print” in a previous issue of Make Magazine implies that this machine is simple
to use, and designates the primary target market as not the tinkerer, basement inventor or
engineer, but the general consumer. “Just Hit Print”implies that there is no labour required
on the end-users’ part to use and create objects with this printer. The entire process of
conceptualisation and design is distilled into the simple action of pressing a button.
The building blocks that the child is playing with spell out the word “HOME”, reinforcing
the connection with a domestic space, while creating some tension with the representation
of the two models of printer. The first model, the “Mini”, with a sleek black finish and a
door on the front so the production process can be discreetly shielded and fingers protected
from the innards of the machine looks like any object that may be seen in a home office,
whereas the hobbyist model has exposed mechanics and yellow “caution” labels.
Both models of printer in the advertisement are printing an unidentifiable object, a tchotchke.
In juxtaposition with the other advertisement for a “serious” machine tool (the Tormach
milling machine), which shows a “real-world” application for the tool advertised, there is
no application or end-use being advertised for these 3-D printers. This is a trend apparent in
all of the texts analysed where there are an overwhelming number of toys and “ornaments”
produced, but little in the way of useful products. The presentation of this advertisement
appears to make little effort towards selling a product, given the lack of technical details.
The Tormach advertisement is selling a tool to those that need it, whereas this advertise-
ment is selling affect via an emotional appeal to the imaginary and aspirational idea of a
tool. The uses to which this tool may be put are not stated at all in this advertisement.
4.4.2 “Dion Wired”, Standalone advertising brochure, December 2013
See p.74
This item is an advertisement for a consumer-grade 3-D printer in a glossy, newspaper-
insert brochure representing the Dion Wired brand. The brochure is A4 in size and 67 pages
in length. Dion Wired is targeted at the “higher-income” South African consumer, and bills
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itself as “South Africa’s premiere consumer electronics and appliance concept store” for
South Africa’s “discerning and tech-savvy customers” (“About DionWired - DionWired,
Project Website”). The brochure itself is titled the “2014 collection” and combined with a
cover photograph of a smartly dressed man and woman sitting on a row of steps, presents
more as a fashion spread than a technology and appliance brochure. Other items advertised
in the brochure include a R 389 0006 television, R 30 0007 refrigerators and 14 varieties of
espresso machine.
Examining the context of the advertisement on the page proves an interesting exercise in lo-
cating the consumer this is aimed at. Below the 3-D printer are advertised two “quadcopter
drones” 8 , a smartphone-controlled toy car, and a wireless plant monitor. These range in
price from R8009 for the plant monitor to R500010 for the drone, up to R20 00011 for the
3-D printer. The 3-D printer is framed as a toy by means of its proximity to the other items
on the page. They are aimed at those with significant disposable income, for gadgets of
limited utility, or that may be marketed as solutions (however unwieldy and complicated)
to an actual problem, for example the wireless plant monitor.
Positioned at the top-left-hand corner is a badge stating that this product is part of the
“2014 collection”. This is not on every page of the brochure, implying, in keeping with
the theme suggested by the brochure title and cover, that this is a “must-have” for this
season.
The advertisement in question occupies the top half of the page, and this space is occupied
by a photograph of the 3-D printer surrounded by small objects that appear to have been
printed by it. The printer itself is similar in appearance to many other hobbyist 3-D printers,
but with less of the mechanical innards showing. This positions the printer as a product
for those who are not overly concerned with the inner workings of the machine: it is more
an appliance than a tool.
The objects surrounding the printer are all brightly coloured in shades of green, orange,
red, and blue, and they are models of aeroplanes, cars, houses, and what looks like a small
office block. The first impression given by both the objects and the bright, primary colours,
is that they are toys. However, given the target market for the product, they may also be
seen as aspirational items (houses, cars, aeroplanes), Thirdly, they all seem to espouse iconic
designs, they are recognisable as examples of good and aesthetically pleasing design. The
aeroplane is a sleek jet fighter, the car is a Citroën 2CV, the house is a Victorian-era mansion.
There is no brand or model apparent at all in the text, the title is simply “3D Printing”. The
opening sentence states “Meet the 3D printer designed for you” – this implies a personal
relationship, thus softening the initial connection with the technology, as though this is your
own personal robot or assistant. The printer has been “designed” for “you”, repeating the
idea of “design” and presenting almost as a custom-made device, possibly even a bespoke
device with which one can produce bespoke items.
6 USD 25000
7 USD 2000
8 Remote-controlled helicopter-like toys with cameras, in this case controlled by a tablet or smartphone.
9 USD 51
10 USD 320
11 USD 1280
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The text continues with the sentence “Turns living rooms and classrooms into creative
spaces”. The explicit mention of the living room locates this device within the domestic
space and then as an entertainment device. The idea that this product “turns” these places
into “creative spaces” implies that it takes nothing more than this device to make creative
things happen, which occludes any requirement for pre-existing forms of capital – skill,
support, ideas, other tools and software – needed to perform these acts of creativity. As
seen in the other texts examined, the idea of just pressing a button or clicking on-screen
is then deployed: “putting kids and adults just a click away from their imagination”. The
process is presented as instant and labour-free (which reinforces what was seen in the sleek,
no-mechanics-exposed design of the printer that there is no need to know or do anything
else). The mention of “kids” again suggests the notions of “toys” and “play”, and the device
being simple enough for a child to use. Despite the overarching theme of play and toys, the
text then states that one can “print practical things” for your home and office, implying that
this printer is not just for entertainment, that it can perform useful functions, too in order to
prove utility for what could otherwise be seen as a frivolous or un-utilitarian purchase.
To the right of the photograph of the printer is a block of text in smaller type listing its
features. The first line talks to the concept of simplicity and no prior skills needed by
stating “plug and play simplicity - just plug in and start”. Further in it makes the assertion
that the “Cube has software that preps your files for printing” reinforcing ease of use,
with no labour required on the part of the user: the Cube does all the work for you. The
amount of user interaction with this software is an unknown. Finally, the print states that
the printer is supplied with 25 free 3-D files “designed by professional artists” – the theme
of creativity, design and art is again deployed here, and the possibility of tapping into the
capital afforded by printing designs created by “professional artists” in your own living
room. Any labour that might exist (that of the professional artists) is firstly distant, and
secondly, part and parcel of the commodity being consumed.
4.4.3 “Shaky start, but 3D printing revolution underway”, Boston Globe Online, July 2015
See p.75
This text is an article on the "Boston Globe" website. According to the “Boston Globe Online”
page “Our Audience”, the readership is 52% male between the ages of 30 and 59, with
incomes well above market average ($ 125 000 per annum). 75% of these are homeowners,
and are “significantly more likely” than the market average to have an advanced degree
(“Brand – Globe | Corporate Site, Project Website”).
Above the article is a photograph showing Michael Perrone, a co-founder of this Boston-
based company (Voxel8) standing behind a tangle of wires and equipment, looking some-
what disturbed. The article opens with the statement to the effect that he was standing next
to one of the most advanced 3-D printers in the world, but that it wasn’t working properly.
The printer is then compared with a household inkjet printer, in that these also sometimes
fail to work properly.
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As should be becoming more apparent as the analysis of these texts unfolds, there is a
repertoire of metaphors and discourses that recur frequently and in a fairly narrow range.
The tensions between the mythic and the domestic are set up right from the start with
the article mentioning the “hype” about 3-D printing, and that by Christmas everyone
will have their own “Star Trek” replicators in the basement “spewing out thermoplastic so
Santa doesn’t have to show up with his sleigh”. That this will “serve to put Santa Claus
out of business" once again implies that the printer belongs in the realm of toy production,
although these machines are now seen as more utilitarian, and less entertainment devices
or appliances than they have been in earlier texts.
The mention of the “Star Trek” replicator invokes the science-fiction and futurism trope,
and the idea – particularly with reference to the “replicator” — that it takes nothing more
than a simple voice command to have something made. This is positioned in opposition to
the mythos of Santa Claus and his traditional toys, “handmade” by his workers, whether
it be the “elves” of folklore or the manual labourers in a Chinese toy factory. Both of
these are invisible to the consumer, and therefore magical and unknowable. This creates a
tension between the fantastic future of the 3-D printer and the somewhat more challenging
reality.
In this paragraph that is rich with allusions to magical or futuristic manufacture there is
also a casual comment assigning the printer to a place in the “basement”. As I have pointed
out previously, the basement is an evocative domestic space in the home. In Chapter 2, I
highlighted this domestic space in relation to the DIY movement’s association with mascu-
line home maintenance. The specificity of the basement in early DIY may have shifted, but
the basement remains associated with utilitarian functions, such as laundry and heating.
In the phrase “Reality is Rougher” the article points out that 3-D printer manufacturers
like Voxel8 expected the business to be more lucrative and easier than it has been. The
article recounts how the company MakerBot, despite making machines “priced as low as $
1375” laid off 100 people and closed its three retail stores. The author accounts for this with
the curious idea that “people who shop on Newbury street12 do not have 3-D CAD files in
their wallets”.
This section of the article integrates a number of points regarding the market segment for
the 3-D printer. This market represents a consumer culture and affluence that is at odds
with many of the discourses that circulate within the Maker movement. The MakerBot
printer is explicitly presented as “priced as low as. . . ”. This comment regarding the price
point could be disregarded as a convention of the way prices are given except that the ref-
erence to “Newbury Street” resonates in a particular way. One of MakerBot’s now defunct
retail stores is on Newbury Street in Boston, which is presented as “Boston’s most enchant-
ing street. Eight blocks filled with salons, boutiques and fabulous dining” (“Welcome to
Newbury Street, Boston, Project Website”). The quip that people who shop in Newbury
Street don’t carry around 3-D models “in their wallet” suggests that MakerBot doesn’t
know who their market is and what they need. As is apparent in most of the texts anal-
ysed, the target market for the 3-D printer and the actual applications for the technology
in a consumer market are unknown.
12 The former site of one of MakerBot’s retail stores.
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The author then introduces a third and central theme by means of the Boston-based initia-
tive called the “Fab Foundation” which supports the foundation and operation of a global
collection of “fab labs”, which allow students and community members access to various
tools, including 3-D printers. Neal Gershenfeld13, a co-founder of the initiative, calls these
labs “a key part of a city’s infrastructure, a place for citizens to not just design products
and make art, but also to build things that address urban problems.” Here the idea of
the “democratisation” of manufacturing is invoked. This manufacturing is being used for
entertainment purposes, art, and also what could be called “appropriate technologies” to
address urban problems. The word “citizens” is telling as it serves to associate the users of
these labs with the rights and responsibilities of the civic space and the public sphere versus
the private individual. This discourse that invokes the association between the everyman
and manufacturing holds echoes of the 3-D printer for the proletariat.
4.4.4 “The New Makerbot Replicator Might just Change your World”, Wired Magazine, October
2012
See p.79
This item is a multiple page article in Wired Magazine, October 2012 issue. Wired Magazine
is a monthly, consumer oriented magazine focusing on technology and technology-related
consumer products. It originally branded itself as “The Rolling Stone of technology”. In
publication since 1993, Wired was backed by academic Nicholas Negroponte, at the time
director of the Media Lab at MIT, and claimed Marshall McLuhan and his theories on
media as significantly influential in its editorial content as well as design ethos. Wired
was originally edited by Kevin Kelly – former editor of Stewart Brand’s “Whole Earth
Catalog” 14. Bought and transferred to Conde Nast publishers in 1998, it is in the company
of magazines such as “Vogue”, “GQ”, “Architectural Digest” and similar high-end lifestyle
publications.
The magazine is approximately A4 in size, and is printed in full colour on thick, matte
paper (Post-glossy), and is square bound. A significant portion of the magazine’s content
(Each issue is around 280 pages) is advertising. According to Wired’s media kit (“WIRED
– Media Kit Print | Condé Nast, Project Website”), total readership is 3 million, with 72%
of these being male, mostly in the age range of 18–34. They characterise 771 000 of their
audience as “affluent”, with a median age of 44, annual income of over US $164 000, with
over three-quarters having graduated college.
13 See (Gershenfeld)
14 Stewart Brand is an American writer and long-time techno-utopianist. He was involved with the Grateful
Dead, Ken Kesey and his “Merry Pranksters”, and produced the “Whole Earth Catalog”. He later founded the
“WELL”, the first large-scale online community, was visiting scientist at MITs Media Lab, and has collaborated
with various computer scientists and technologists such as Douglas Engelbart (of PARC) and Danny Hillis
(Thinking Machines corporation and The Long Now Foundation). You may note a mention of Brand in an
earlier footnote regarding Maker Media and O’Reilly publishers.
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The article was written by Chris Anderson15, a significant figure in the Maker Movement
and editor-in-chief of the magazine at the time the piece was written. The piece appears
to be an excerpt from his (at the time upcoming) book “Makers : the new industrial rev-
olution”. That this article was published in this particular magazine, which is a “lifestyle”
magazine for affluent, technologically-savvy consumers speaks to the use of the maker
trope as a marketing tool, or more specifically, the deployment of the maker as simply
another aspect of consumer culture. This is a recurring manifestation of the tension be-
tween the stated philosophies of the Maker movement and that makers are both a source
of capital - mostly intellectual - and part of the targeted consumer population. The title of
Anderson’s book repeats the trope of a “New Industrial Revolution” which is frequently
deployed with respect to the 3-D printer.
The article opens with a photograph of MakerBot founder Bre Pettis holding up a toy
tractor, carefully examining the object. He is facing away from a window, and behind him is
a bookshelf filled with various brightly coloured objects, one assumes all 3-D printed. There
is also a table in front of him filled with other objects. In a mostly empty space on the table
in front of him is a model of what appears to be an aircraft landing gear. On the end of the
bookshelf behind him is a sleek, black 3-D printer. The room in which the photograph was
taken is apparently in an older building with painted brick walls. The caption underneath
the photograph reads “MakerBot co-founder Bre Pettis says his new 3-D printer, the sleek
Replicator 2 (shown at right), has a design that’s ”Darth Vader driving KITT while being
airlifted by a Nighthawk spy plane." The opening paragraph then recommends that one
takes
. . . the subway to an otherwise undistinguished part of Third Avenue in Brook-
lyn. Knock on the door. Wait for some stylishly disheveled young man to open
it and let you in. You’ve arrived at the BotCave—the place where 125 factory
workers are creating the future of manufacturing.
In the opening moment of this text we have a caption and paragraph setting up two major
recurrent themes in close proximity: the languages of fantasy and science-fiction closely
associated with that of industrial labour. It is noteworthy that this is an instance of visible
labour, however the labour is only visible insofar as it is the labour in a factory setting.
Starting with the tropes of science-fiction, there is an inference that the factory where these
machines are produced is an exceptional location in an otherwise undistinguished area.16
This, and the use of the term “BotCave”, referring to the comic superhero “Batman” and
his “Bat Cave” secret lair, is constructing a mythos around the figure of Pettis. This is taken
further with the description of their new 3-D printer: “sleek”, “Darth Vader driving KITT
while being airlifted by a Nighthawk spy plane”. The complete overkill in terms of pop
culture references builds the mythos of superheroes and their gadgets, while the name of
the new printer, the “Replicator” comes from the realm of Science-fiction and is borrowed
from the “Star Trek” franchise.
15 Anderson is author of “Makers: the new Industrial Revolution”, and “The Long Tail”. He posits that small scale
manufacturing, desktop manufacturing and the “democratization of technology” are behind a “new industrial
revolution”, and that latent entrepreneurship is a significant driver behind Makers.
16 In fact this is in a former industrial area being gentrified, with upmarket venues, food establishments and
apartments taking hold (“Third Ave.’s revival in Brooklyn gets worrisome | Crain’s New York Business, Project
Website”).
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The opening paragraph’s verbal picture of “125 factory workers” is supplemented by a
photograph from further into the article depicting Pettis standing on a staircase, on the
upper level of the MakerBot premises, looking out over a room of workers. The cover of
the magazine issue in which this article is published offers much the same view, with Pettis
– looking somewhat pleased with himself – holding one of his printers taking up the entire
cover space, and the title “This machine Will change the world”.
The first paragraph refers to the factory workers creating the future, yet the caption of the
photograph quotes company founder Pettis and his new 3-D printer. The language also
evokes the idea of “creatives” through the use of terms such as “stylishly disheveled young
man17”, and the fact that the workers are “creating” the future of manufacturing, rather
than, say, “assembling” or “building”. The next paragraph refers again to the “workers”,
and the machines they are “busy constructing”. At last we see a visible representation of
labour, even though the article goes on to work against the idea of this very labour. There is
significant discursive tension here: the discourse of factory workers, and “bringing afford-
able 3D printers to the masses that is reminiscent of the articulation of Marx’s estrangement
or alienation of labour.
While the previous themes have played out in the texts analysed thus far, the next theme is
an explicit invocation of the antecedents of the Maker movement in the forms of the Hacker
and Open Source movements. The new Replicator is described as being a finished prod-
uct, not a kit, thus positioning the user as a consumer, not a DIY-er, and “doesn’t require
a weekend of wrestling with software that makes Linux look easy”. This is a reference
to the Open Source operating system (see Chapter 2), which has a reputation for being
apocryphally difficult and frustrating to set up and administer. The new printer instead
has software that allows one to “turn CAD files into physical things as easily as printing a
photo”. The author has set up a binary here with the almost mythical complexity of using
Linux on the one hand and the zero-effort possibility of pressing the “print” button on the
other. This serves to distance this iteration of the technology from the complex, technical
aspect of the previous generation of 3-D printer and makes it more attractive to those less
technically proficient. Anderson, in his mention of the “CAD file” one needs in order to
print an object fails to say what it takes to produce that CAD file, both in experiential (skill)
and material (software) capital.
Anderson’s ideas in this middle section of the article can be grouped into three major
themes. First, is his ambiguous relationship with both the philosophical predecessors of
the Maker movement and the technical predecessors of the 3-D printer. Anderson paints
MakerBot as being part of a “Homebrew Printer Club”, along the lines of the “Homebrew
Computer Club” of the 1970s (see Chapter 2). The mention of both the Homebrew Com-
puter Club and the Apple II appears to be an attempt to tap into the capital and status of
the “old-school” hardware hackers and tinkerers and locate MakerBot in a similar position
to companies such as Apple (and by extension, positioning Pettis as a sort of Steve Jobs).
Anderson states, with reference to the first generations of personal computers, before the
major applications we know today were available, that “All you could do with these early
PCs was program them”. This is an odd argument: that all one could do was learn how
to use them and to learn how they worked. He implies that 3-D printers are currently in
that stage of waiting for someone to develop the “killer apps” for the technology. As I have
17 Somewhat ironic as Bre Pettis is currently in his mid 40s.
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mentioned above, he is disparaging about those who “wrestle with Linux”, yet he invokes
the mythos of Open Source and the Homebrew Computer Club. The article continues by
referring to the previous generation of printers as “Jerry built contraptions of the past”, in
contrast with the “sleek, metal, and stylish” Replicator 2. The term “Jerry built” discursively
relegates the older printers to the realm of the same “Linux wrestlers” – the technologically
competent tinkerer and “geek”, while the use of terms such as “sleek” and “stylish” seem
to position the new models to be of interest to those who are more conscious of aesthetics
than functionality. Anderson mentions that the machines have inbuilt LED lighting which
can be controlled to display any hue, “to match the color of your couch”. The discourse
here regarding style, “sleekness” and the ability to “match your couch” positions the Repli-
cator as a domestic accessory or entertainment device, short-circuiting even the idea of this
printer as an appliance. There is a failure to see that both the technical advances and the
values of these movements were in fact premised on the very things he dismisses in favour
of easy to use consumer appliances that “match one’s couch”.
Secondly, Anderson invokes the ideas of democratisation of technology through collabo-
rative projects such as Open Source, and talks of things being “free”. However, he seems
to have misconstrued the core tenets of Open Source, if we look back at Section 2.1.3 and
Richard Stallman’s ideas on what it means for software (or hardware) to be free: not free
as in cost, but free as in open. The idea of just being able to download a design and print
it is discussed, in terms of “free design libraries” and “premade CAD files” available to
do “just about anything you can imagine”. According to Anderson, it is simply a matter of
“downloading them, modifying them if necessary, and sending them to the MakerBot to be
printed”. The matter of “free” in terms of the designs is not unpacked — who makes them,
and why? How much time do they spend on them? Are these the same people who spend
their time “wrestling Linux”? Why are these libraries free? The author is glossing over any
issues regarding the conception and creation of these designs that are being downloaded
and printed, and the possibility of the user themselves creating entirely new and original
designs to print. There is also no call to action to the prospective buyer/user to return files,
material or innovation to the repositories “for free”. It seems this usage is one way only.
Anderson’s conclusion to the article extolls the virtues of these forms of “digital fabrica-
tion” and notes that with traditional modes of manufacturing and prototyping, adding
complexity adds significant cost. He lists a number of points to consider: “Variety is Free”,
“Complexity is Free”, and “Flexibility is free”, and states that “changing a product after
production has started means just changing the instruction code”. The idea that these fac-
tors are “free” (free as in cost) is problematic. The act of design or modification, in other
words the actual labour (which would involve sitting at a CAD workstation, or writing
code or other forms of “invisible” labour in this context) is occluded. This labour is only
free if time and intellectual labour are seen as having no value.
Thirdly, the article forwards the agenda of making the production process your own. Ander-
son positions this as the idea that “everyone is potentially an entrepreneur”. He suggests
the consumer 3-D printer is “. . . an emerging alternative to the mass-production model”,
and that “Now we can make the Long Tail of Things—18 This seems to be Anderson effec-
18 Anderson’s theory of the Long Tail posits that the future of industry is not in huge volume production of
mass-market items, but in many small manufacturers and businesses filling the many tiny niches for goods
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tively positioning the 3-D printer at the centre of Negri’s Factory without walls, which, as we
have seen in the first part of this article, is the home.
The 3-D printer is being attributed with the potential to change the face of, and democratise,
manufacturing. The discourses of simplification include phrases like “ease of use”, “child’s
play” and “as easy as printing a photo”. However, as appealing this may seem at first
glance, there comes a point at which ease-of-use is indistinguishable from deskilling of
the user. As such, the individual is losing agency in this equation. At the same time, by
attributing this agency to the 3-D printer, the act of labour is being occluded.
This is MakerBot’s Macintosh moment. Just as nearly 30 years ago Apple made
desktop publishing mainstream, the aim with the Replicator 2 is to take some-
thing new to the masses: desktop manufacturing.
Tapping into the mythos of Apple, in this case regarding their pioneering work bring-
ing affordable typesetting to the masses with the Macintosh and laser printer, Anderson
compares the MakerBot to the Macintosh, likening desktop manufacturing with desktop
publishing. He takes the comparison further by noting that the early efforts of amateurs in
desktop publishing were a “dog’s breakfast of fonts and clip art. But then they got better19.”
Anderson then equates users’ first attempts at 3-D printing with these first desktop pub-
lishing attempts, and cites various features of the new MakerBot (such as higher resolution,
more colours, the ability to print more complex shapes) that will, in his opinion, accelerate
the learning curve.
The article now moves into a third mode. Although this section details the many uses of 3-D
printing in industry and commerce which are outside the scope for this dissertation’s focus
on the hobbyist 3-D printer, there are some discourses that are worth highlighting. After a
brief description of how the additive 3-D printing process works, Anderson mentions that
“the whole process is almost magical to watch”. The use of “magical” here is interesting as
on the one hand is the idea that the process is unknown – or even unknowable – and on
the other hand, that there is no actual labour involved, the process “just happens”, much
like the concept earlier of “Just hit Print”. The idea of the magical 3-D printer has already
been surfaced in the ideas of “Santa’s Elves” and once again in this moment of the article
it is explicitly coupled with the discourses of home, domesticity and family.
The first paragraph of this section deals exclusively with the material used for printing with
the Replicator 2. Described as “ecofriendly”, “compostable” and “smells like waffles” and
“can be made from cornstarch”, all of which would be desirable, or at least not offensive
within the home, reinforcing again that this belongs in the domestic space of the home, not
even the workshop or garage. The material is described as being sold for “as little as $48
per kilogram”, and the metric given being is that a kilogram of material is enough to print
“nearly 400 chess pieces”. On the other hand,the ABS plastic used by the larger machine is
“the same material that Legos are made from” thereby reinforcing the toy connection.
and services in small quantities towards the “tail end” of the demand curve. See (Anderson, The long tail: Why
the future of business is selling less of more).
19 But was it the amateurs who got better, or did things get better when these tools got into the hands of existing
professionals?
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Pettis recounts how their customers’ idea of uses for a 3-D printer start as practical - things
“around the house”, dishwashers, bicycles, but then switches when they have the printer in
hand to “jewelry, geometric brainteasers, absurdist sculptures” and toys. On the surface the
discourse seems to be referring to the idea that the printer unleashes personal creativity,
however it may also be that the user was unable to produce the aforementioned parts
to fix things around the house. If the exact part needed is not available for download
from the numerous online archives of printable objects, does the user have the needed
CAD skills (and time, for that matter) to produce, print, test, modify, and print the needed
part? At this point the “magic” theme appears again, with the use of the word “conjure”:
“Their children ask for wild toys, and the users can conjure these up before their eyes,
first on a screen and then in the real world”. The importance of the design and CAD
modelling process is underplayed here yet is also conflated with other technical skills such
as programming: “Indeed, Pettis estimates that when MakerBot first started, half of its
operators were programmers, but now he has seen a huge influx of parents”. The choice
of language here seems to be to distance obscure, arcane complexities and technicalities
such as programming (and previously, complex hardware and software setup) from the
desired image of the Replicator as simple to set up and use. Amusingly, the role of parent
is apparently incommensurate with that of programmer. The “parent”, though, comes with
themes of home, children and toys, and affect.
Finally, I would like to explore some of the ways the 3-D printer is positioned in the article
in terms of commodity culture, consumption, and its market. Anderson uses the phrases
“sophisticated early adopters” and “people who just want to print something cool” to dis-
tinguish who he sees as the market for these products. This seems, again, to split the users
into opposites, but in this case it’s not the highly technically proficient and the simple
“user”. The first of these personae is the “early adopter” — someone who buys new tech-
nology mostly before it has found its real purpose (or “killer app”) or before it has all the
“bugs” worked out, and is still somewhat temperamental. The make-up of the second is
less clear.
The following paragraph states that:
Soon, probably in the next few years, the market will be ready for a mainstream
3D printer sold by the millions at Walmart and Costco. At that point the incred-
ible economies of scale that an HP or Epson can bring to bear will kick in. A
3-D printer will cost $99 and everyone will be able to buy one
The use of “the market will be ready” would tend to suggest two things: that MakerBot is
being positioned as a pioneer, and might suggest that the “market”, which at this point is
still undefined, is still unsophisticated in these matters. Which segues to the reference to
Walmart. Walmart is a traditionally budget-oriented “megastore” chain in the USA where
one can buy everything ranging from diapers to ammunition under the same roof. Costco is
similar, except they sell primarily bulk and palleted goods. The image is being painted here
that one could easily walk past the “3-D printer aisle” somewhere between buying peanut
butter and toilet rolls, and drop one into your trolley. The phrase that “everyone” will be
able to afford one is another reference to “the masses” and the rhetoric of the proletariat.
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As an aside, at the time of writing this paper, Walmart does now carry 3-D printers, at least
on their web store (I was unable to ascertain whether they carry them on the retail floor).
Prices range from US $380 for a basic kit, to US $6500 for the high end MakerBot. This
seems somewhat at odds with Walmart’s demographics - their average shopper is a white,
50 year old female with an annual household income of just over $53 000.20 The retail price
mentioned is interesting both in the context of the above “average” shopper’s income, and
that Walmart’s lowest-cost normal (inkjet) printers start at just $40.
4.4.5 “What Lies ahead for 3D Printing?”, Smithsonian Magazine (Online), May 2013
See p.85
This piece is an article from the online edition of "Smithsonian" Magazine, a publication
of the Smithsonian Institute in Washington DC. The Smithsonian Institute is the world’s
largest museum and research complex, consisting of 19 museums and galleries, the Na-
tional Zoological Park, and nine research facilities (“About | Smithsonian, Project Web-
site”). The format of the piece is simple and clean, with a large photograph (above the fold)
of what seem to be 3-D printed scaffolds for a human ear, nose, and finger bone. The title is
“What Lies Ahead for 3-D Printing?”, with a subtitle stating “The new technology promises
a factory in every home — and a whole lot more”.
Royte beings by recounting “Wandering the brightly lit halls” of the 3D Systems factory21,
where she “gazed upon objects strange and wondrous”. The discourse deployed here
would not be out of place in describing a museum. Royte invokes a sense of awe and
mystery, but with an element of modernity in the image of “brightly lit halls”. The objects
she describes seeing are varied and mostly inert, except for a “fully functioning guitar”.
As she continues, the author briefly describes the 3-D printing process to those who may
not be familiar with the technology, stating “if you haven’t heard of it, you haven’t been
paying enough attention”, pointing out the pervasiveness of 3-D printing within the mass
media. She cites “Scores of breathless news stories and technology blogs” implying that
the authors of these news stories are excited about this technology, and these blogs are
vocal champions of any interesting new innovations. The commonly deployed rhetoric of
revolution is used again here, quoting no less than American President Obama as stating
3-D printing has the “potential to revolutionize the way we make almost anything”.
The author then notes that in recent years affordable desktop printers have come within the
reach of “self-starting entrepreneurs, schools and home tinkerers”. Despite the discourse of
an entrepreneurial target market, it seems that nobody really knows who the target market
is other than education or the ever-present tinkerer or hacker. The rhetoric of democratisa-
tion of manufacturing is noted by the author but is not actually deployed.
20 Contrast this with the target markets for “Make Magazine” and “Wired” with annual incomes of $120 000 to
$170 000.
21 Founded in 1986, by the engineer who patented STL (Another form of 3D printing that builds up objects layer
by layer, but by selectively hardening liquid resin in a bath). 3D Systems deals mainly with industrial printers,
but has recently branched out into the consumer/hobbyist market.
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What is explored in depth in this article is only superficially referenced elsewhere. This
is the evident banality of objects produced by the 3-D printer: the tchotchkes. Combined
with this is Royte’s rather more critical view of the technology. Having taken a closer
look at some of the “strange and wondrous” objects, or their close relatives, the author
now states “just because anybody’s ideas can take shape, doesn’t necessarily mean they
should”, after seeing much - “shelf after shelf” of what some people try not to call “cheap
plastic crap” – miniature vases, phone cases, jewellery, dolls and skulls. Royte categorises
these objects as “lobby tchotchkes” – ornaments, displayed in the building lobby to show
potential customers, or more likely journalists, what the company’s printers can produce.
The printer that has produced these objects is the company’s new consumer-grade printer,
and her description of this printer — “about the size of a Mr Coffee machine” — again
evokes the domestic space. Moreover, the printers are produced in pink, turquoise and
lime green, implying that one might, much like the MakerBot above, buy the appropriate
colour to match your living room.
At this point Royte acknowledges her “ambivalence towards” the consumer-grade printer
and the objects it has produced and is shown the “big guns” in the form of the large
industrial-grade 3-D printers. These are described as “refrigerator sized” and “surrounded
by monitors, keypads, CPUs”. The language describes a more technical space, yet the au-
thor is disappointed that the first printer she examines is only printing a piece of jewellery,
noting that it’s “a lot of machine to print a bauble”. The author is not yet convinced of the
utility of these 3D printers. The next machine is printing an unknown object. It is “four
inches high after 26 hours . . . with many hours to go”. Royte points out that 3-D printers
are extremely slow, and the success or failure of the printing process will not be evident
until this time period is over. Then there is the work of having to remove the excess powder
from the object by “excavating” and “exhuming” an object of unknown utility or nature.
She describes the Maker movement as “privileging customisation over commodities”, thereby
surfacing the tension between production and consumption; maker culture and commodity
culture. This juxtaposition suggests that despite the Maker movement’s insistence that one
of its aims is to “reclaim the act of manufacturing”, it is the ability to customise an object
that is of interest, not necessarily designing bespoke objects from scratch, but modifying
existing models (obtained from one of the online repositories, as mentioned earlier in this
text). Dale Dougherty of “Make Magazine” is quoted as describing 3-D printing as “Wal-
mart in the palm of your hand”. In this instance, much like in the previous text, Walmart
is mentioned to invoke not so much the bricks-and-mortar reality of the shopping chain,
but rather the myth of accessible mass market, low profit margin retail, and perpetuating
the idea that (at some point) a 3-D printer will be able to print anything and be of use to
everyone.
Later in the article, Royte moves away from the consumer/hobbyist devices and turns the
discussion towards Shapeways, a company that provides online 3-D printing services, giv-
ing people access to high end commercial 3-D printers (“million-dollar machines”). Despite
the quality and resolution offered by these high end printers, the company PR spokesper-
son describes most of what they print for customers as mostly Minecraft models and Dun-
geons & Dragons dies. In this observation we see the synthesis of several themes. Firstly the
“lobby tchotchkes” Royte mentions earlier. In the quote “it’s amazing how unsurprising the
stuff we make is”, doorknobs or “a crib part from a mom in suburbia” we see the return
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of the home or the domestic sphere as a core association. Underpinning this is the defla-
tion of the idealism encapsulated in the notion that all one needs for latent creativity to be
“unleashed” is the right tools.
The article then performs some of the discursive sleight of hand that serves to deflect or oc-
clude labour in different ways. The key to identifying this is the attribution of labour away
from an individual and towards and object or objects. Royte notes that “Additive manufac-
turing would not have flowered without major advances in computer-directed modeling.
A decade ago, it took weeks to generate a digital 3-D model, now it takes only hours.”
She is describing the 3-D scanning process – this is not synonymous with the CAD design
or manual modelling necessary for producing the files that will generate the 3-D printed
object.
As the article continues, Royte states that:
Multiple scans are aligned and filtered, points are connected to their near neigh-
bors to form polygons, holes are filled and blemishes removed. Finally, with
a click of the mouse, the surface of the image is smoothed to form a shrink-
wrapped version of the original. Off to the printer the digital file goes.
The passive language used here occludes the aspect of who or what aligns and filters the
scans, who connects the points to their near neighbours? The software does this, but the
user has to instruct the software which scans to align and filter, which points to connect
where, and so on. The last procedure in the process occurs with nothing but a mouse click:
the sole apparent act of labour on the part of the user. The author then attempts to further
address the problem of creating the digital models, looking at “Geomagic - a pioneer in
sculpting, modelling and scanning software”. It is worth pausing briefly to point out that
there is a return to the concept of “magic” here. Magic, with its inference of work done by
supernatural means that circumvents ordinary labour.
Later, Royte rehearses many of the concerns regarding automation: that 3-D printing will
create new industries and jobs, but may also displace “skilled craftspeople, artisans and
designers who work with raw materials, just as Amazon displaced bookstores, and desk-
top printers eviscerated mom and pop copy shops”. The discourse of “evisceration” in
conjunction with the use of “mom and pop” copy shops suggests the nature of these indus-
tries as cold, impersonal, and ruthless, versus the warmth, and “human touch”. This is an
interesting departure from form. In the other texts the 3-D printer has been emphatically
constructed with associations of home, parents, toys and play rather than this less friendly
face.
The author at this point voices her concern that the speed and supposed ease of produc-
ing objects will result in products with a shorter affective lifespan – “fashion obsolescence”
and “design fatigue”, followed by a “devaluing” of the creativity that went into them. The
repeated usage of the idea of “design” calls for closer examination. The traditional usage
of the term is taken to mean“the act of specifying the physical or structural properties of
an object”, but in the context of consumer or commodity culture, we could interpret this
as primarily aesthetic design. As seen in previous texts, this speaks to a specific target au-
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dience: those who are after a “sleek” and “stylish” accessory, which can be colour matched
to your sense of aesthetics.
4.5 discussion
In discussing the analysis of these texts, I will approximate the the order laid out in the table
at the start of this chapter, with exceptions, as certain of these issues are inextricably linked.
I rehearse a number of the observations and connections made during the analysis of the
text in order to demonstrate how these coalesce into the constructions of discourse and
mythmaking through usage and repetition rather than intention. The lack of intentionality
by the individual actors notwithstanding, “regimes of truth” (Foucault 51) are produced
and continue to function as naturalised.
4.5.1 Existing discourses: Futurism and Utopia
These texts repeatedly invoke concepts and discourses from Science-Fiction or other fic-
tional fantasy and folklore. The Boston Globe article mentions “Star Trek replicators” in
everyone’s basement, putting “Santa Claus” out of business, while the Wired Magazine
article constructs a mythos around the figure of Bre Pettis, who is being presented through
both textual and visual discourses as a figure akin to a superhero, in his “secret labora-
tory”, the “Bot-Cave”, clearly intended as a reference to the “Bat-Cave” of comic-book
fame. With reference to Chapter 3 and discussions around immaterial and cognitive labour
– the essence of the Maker movement – Gene Ray (“Revolution in the Post-Fordist Revolu-
tion”) uses similar terminology in describing its practitioners as “. . . the sexy code-artists,
image-wizards and creative entrepreneurs of the new cognitive capitalism”(Ray 4). Other
discourses surrounding the technology, rather than the person, serve to construct a sim-
ilar mythological presentation of this technology as “cutting-edge”, or even beyond the
frontiers of known technology: technology from the future. Anderson, in the Wired article,
describes workers “creating the future of manufacturing”. Looking at this in juxtaposition
with the “jerry built contraptions of the past” – referring to MakerBot’s previous model
printer – he creates distance, both temporally and technologically, pushing this new model
into the future, not merely the present.
Howard Segal, in his historiography “Technological utopianism in American culture” finds
that scientific and technological utopianism is not new and owes heritage to a number of
significant utopian works such as Francis Bacon’s “New Atlantis” (originally published in
1627). The utopia in this case is a society built around the collective aim of understand-
ing nature through science and thus conquering nature through technology for the benefit
of mankind. Marx supported the potential for automation and technology for the eman-
cipation of the worker, and to some extent the ideas were later attempted in the ill-fated
machinery of the Soviet Union (Spufford). From the turn of the century the possibilities
of technology (obviously ignoring many of the issues around jobs and labour) were being
sold to the man in the street through events such as the American Worlds’ Fairs in the
1930s, with buildings designed by futuristic architects such as Norman Bel Geddes, and
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exhibits (usually sponsored by big-name companies such as General Motors, Ford or West-
inghouse) entitled “Democracity” or “Futurama” depicting the future as a high-technology,
highly automated utopia. Kling (in Sivek 190) has noted that these ideas have been repeated
in many discourses regarding the role of computers and similar technologies. Through Win-
ner’s work on the personal computer, and Poutiainen’s examination of discourses around
the mobile telephone we can see that these discourses and tropes are by no means new
(Poutiainen).
This is echoed by those who originally created this technology, as Noble states, with refer-
ence to the MIT academics behind CNC technology:
NC was always more than a technology for cutting metals, especially in the
eyes of its MIT designers, who knew little about metalcutting. It was a symbol
of the computer age, of mathematical elegance, of power, order, predictability,
of continuous flow, of remote control, of the automatic factory (Noble 114).
The idea of technological utopianism looks forward in direct contrast to that of nostalgia.
As discussed in Chapter 2, the maker philosophy tends to reify traditional modes of work
and craftsmanship, the artisanal, and the handmade. This is seemingly at odds with the
rhetoric often deployed regarding the 3-D printer that underplays what we have learned
about manufacturing and crafting over the last thousand years or so. This rhetoric is echoed,
albeit secondhand, in the Smithsonian article. The author suggests that 3-D printing will
create new industries, but, as with any “labour-saving” technology, will displace existing
jobs, specifically “skilled craftspeople, artisans and designers who work with raw mate-
rials”. It is significant that one of the only explicit mentions of labour and work in the
articles examined is in a negative sense, that is, that these reified skills and arts may be lost
or further marginalised.
4.5.2 Existing discourses: Revolution and Disruption
Rhetorics of “revolution” are common in technological discourses. These are often limited
to ideas that the technology will change the world, change you, or change the nature of
manufacturing (as opposed to a more comprehensive notion of revolution as social disrup-
tion). Winner, writing in 1986 about personal computers, notes that “A somewhat similar
gesture has become a standard feature in contemporary writings on computers and society.
In countless books, magazine articles, and media specials some intrepid soul steps forth to
proclaim ’the revolution’ ”(Winner 98).
Discourses from the sample texts repeat this theme frequently. The title of the Wired Maga-
zine article is “The New Makerbot Replicator Might just Change your World”, and quotes
passages from the author’s book “Makers: the New Industrial Revolution”. He later de-
scribes the idea of a home 3-D printer as “revolutionary”. The “Boston Globe” article also
uses the word “revolution” in its title, and the “Smithsonian” article uses the term a num-
ber of times, including to quote American president Obama on the revolutionary potential
for the 3-D printer. The advertisement for the “UP!” 3-D printer uses the title “UP! Cre-
ate! Innovate!”, which in this context, presents as an emphatic call to action. This concept
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of revolution is linked with the idea of “democratisation” of technology, and the paucity
of languages of work and labour used in the texts analysed. The Wired Magazine article
refers to the “workers” assembling the 3-D printers and the aim of bringing 3-D printers to
“the masses” while the Boston Globe article refers to “citizens” being empowered through
making.
4.5.3 Emerging discourses: Democratisation
For the sake of clarity, this idea needs to be unpacked, and can be done so into two primary
components. First, is the suggestion that the 3-D printer can, will be, and in fact needs to
be made available to anyone and everyone, regardless of socio-economic standing. Pettis,
in the Wired article, is quoted as harbouring the aim of “bringing affordable 3-D printers
to the masses”. Later on, the author of the article states that “soon”, these printers will be
mainstreamed and sold at discount chain-stores. This idea is subtly proffered with numer-
ous comparisons between the 3-D printer and the inkjet printer, a device which is pervasive
and almost so cheap as to be disposable.
The second aspect of “democratising technology” is the concept, as discussed in Chapter 2,
of “democratising manufacturing”. Within the Maker movement this is often seen as “re-
claiming” the act of manufacturing from the hegemony of industry and the established,
conventional models of production and consumption. Anderson, in the Wired Magazine
article, characterises this as “Desktop Manufacturing”, as per Neal Gershenfeld“Fab : the
coming revolution on your desktop–from personal computers to personal fabrication”. An-
dersen compares this with the field of “Desktop Publishing”, arguing that the Macintosh
and the laser printer spurred a “revolution” in publishing, and that the 3-D printer is in a
similar position.
The “Boston Globe” article quotes Gershenfeld as stating that labs with 3-D printers are a
“key part of a city’s infrastructure”, allowing citizens to “build things that address urban
problems”.
Adrian Bowyer, creator of the RepRap project on which most current consumer and hobby-
ist 3-D printers are based, stated in 2004 that:
. . . the replicating rapid prototyping machine will allow the revolutionary own-
ership, by the proletariat, of the means of production. But it will do so without
all that messy and dangerous revolution stuff, and even without all that messy
and dangerous industrial stuff. Therefore I have decided to call this process Dar-
winian Marxism. . . (“Wealth Without Money - RepRapWiki, Project Website”)
There is a compelling interplay here of ideas regarding “reclamation” of the means of pro-
duction of goods, and, as Bowyer characterises them, the “messy and dangerous” aspects
of revolution and industry. Given the demographics (discussed in both Section 4.4.1 and
Section 4.4.4), the idea of “reclaiming” the means of production from the hegemonic pow-
ers of industry is problematic for two reasons. Firstly, is that the act of manufacturing never
belonged to this class in the first place, and secondly, in order to reclaim any of the artisanal
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skills capital that Makers aspire to would mean looking down the socioeconomic ladder
to the working class, not up towards capital. In other words, this is not a revolution that
challenges capital and power from below, but instead appropriates from a more marginal
class fraction.
4.5.4 Emerging Discourses: The Domestic sphere
Both the imagery and the language used in describing the 3-D printer in the texts locates it
within a domestic context within the home. There is a lack of discourse placing it elsewhere,
such as a workshop or toolshed, except for the Boston Globe article which mentions the
“basement”. The descriptions of the design aspects of the MakerBot and the appliance-like
design of the other printers suggests that they would fit in the lounge or family room,
able to “match the color of your couch”. The themes of “play” and “toys” also manifest
frequently. In the advertisements examined, the printers are busy printing, or appear to
have printed nothing more than toys or “tchotchkes”. Pettis tries to mitigate this impression
in the Wired article by portraying some of the objects as “absurdist sculptures” – one would
like to assume that he is aware of this perception. Anderson, in the same article, admits
that the “killer app” for his 3-D printer is toys for his children.
The language of manufacturing, production and industry deployed alongside cues placing
the 3-D printer within the home create a tension in the conflation of the domestic and
production space, an overlap of work and home/play space. This might be seen as a man-
ifestation of the ideas espoused by Negri regarding the tendency for productive labour to
find its way into all aspects of modern life in the current post-Fordist economy (Negri and
Hardt 79). There is a compelling connection here with the idea of the “Social Factory”, and
the shifting nature of the workplace explored in Section 3.6. The new forms of immaterial
and affective labour generally take place outside of the traditional workplace. Bre Pettis, in
the Wired Magazine article, presents the early adopters of his printers as “programmers”,
and the later purchasers as “parent”. The depiction of the users as mutually exclusive
categories again constructs a tension between the workplace and the domestic space, the
“programmer” representing the workplace, industry and professionalism, and the “parent”
representing the domestic space and the deployment of affective labour.
The previous categories consist of discourses drawn from existing ideas currently in circu-
lation. However, there is also a range of new, emergent discourses constructed around the
verbal and visual representations of 3-D printers. I posit that these emerging discourses
will continue to circulate the further we progress into the late post-Fordist era that is char-
acterised by affective and immaterial labour.
4.5.5 Emerging Discourses: Creativity and latency
All texts analysed mention the aspect of creativity, and suggest that it simply takes the
right tool – in this case one of these printers – to “unlock” this creativity. The utility of 3-D
printing is mentioned in the context of industrial-grade machines, and their use in medicine,
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dentistry and industrial design and prototyping, yet these are not the same consumer-grade
machines. Technical shortcomings of the home printers, such as slow printing speed, that
they’re finicky to set up, and so on, would suggest that it is these factors behind the lack of
utility or creativity representative of their use. Despite this rhetoric, the Smithsonian article
quotes a spokesperson from Shapeways, an online business providing access to industrial-
grade machines which do not suffer from (most of) these shortcomings, as noting that
the objects sent to them for printing are all remarkable in their pedestrianism, such as
doorknobs, gaming dice or the occasional “crib part from a mom in suburbia”.
The Wired article refers to “a stylishly disheveled young man22” and the fact that the work-
ers are “creating” the future of manufacturing, rather than, say, “assembling” or “building”.
The Dion Wired advertisements states that this printer turns living rooms and classrooms
into “creative spaces”. The use of these phrases evokes the idea of “creatives”, and the man-
ner in which Bre Pettis is constructed both through discourse and visually, in the Wired
article (and the continued references to Apple) serves to position him as both a creative and
a visionary, possibly in the realm of figures such as Steve Jobs, co-founder of Apple, who is
often painted as a cult figure and creative and technological visionary. This suggests that, in
connection with the discourses above referring to the 3-D printer as a household appliance,
this is a lifestyle choice, it’s what one needs to be a creative. Other than the ideas discussed
above of “latent” creativity, Anderson, in the Wired article, presents entrepreneurship in a
similar light: the discourse suggests that it is within the skill set, aims, and even desire of
most people (Makers) to start a business aided by this technology. Discourses of creativity
are emphasised in every text, suggesting that this is a significant driving force.
4.6 in search of invisible labour
There is little mention in the articles examined of the labour: skills, time and resources
(software) required to actually design an object from scratch. The printers are presented as
easy-to-use: The “Up” advertisement implies that it’s “child’s play”, while stating that it
was the winner in the “Just Hit Print” class, while the Dion Wired advertisement puts kids
and adults “just a click away” and the Wired article states that printing an object is “as easy
as printing a photo”. In a similar vein, Anderson, in the Wired article, deploys the theme of
“magic” when describing the process and usage of 3-D printing. He expresses the opinion
that the “process is almost magical to watch”, then later in the article states that “users can
conjure these up”. This use of the discursive terminology of magic is interesting on two
fronts. Firstly is that the process is almost approached with a sense of awe — “magical
to watch” — this is reflected in the Smithsonian Magazine article as the author mentions
“gazing upon objects strange and wondrous”.
The second aspect of the use of this language could be best summed up by quoting science-
fiction author Arthur C. Clarke: “Any sufficiently advanced technology is indistinguishable
from magic.” (“Hazards of Prophecy: The Failure of Imagination” 1973). The idea behind
Clarke’s statement is that for those not familiar with these processes or the technology
behind them, they might as well be magic because the processes are effectively unknowable
and beyond the ken of the observer. This again serves to distance the observer or user of
22 This is ironic as Bre Pettis is currently in his mid 40s.
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the 3-D printer from the processes — and thus the labour. The “magic” of the process
serves to effectively render the actual work and workings of the process invisible, much
like the earlier mention of “Santa Claus” (who has his toys made by elves) or imported
mass-market goods (made by anonymous production line workers in China).
The stated complexity of using a 3-D printer is presented as a binary, an “either-or” situa-
tion. Anderson uses the example of the Linux operating system, which (particularly before
the advent of more polished variants such as “Ubuntu”) was notoriously difficult to install
and configure. He juxtaposes this complexity with the notion that printing an object with
the Makerbot is as easy as “printing a photo”. What is missing is the labour or capital — re-
sources or skills — necessary to design the 3D models needed by the printer to produce an
object. All texts offer that there are large online repositories of pre-designed objects that can
be downloaded and printed, although a large proportion of these are “tchotchkes”, random
objects designed to simply show off the printer, ornaments, or toys. There is no mention of
who produced these objects or how, just that they exist in these large repositories.
Similarly, temporal factors are rarely afforded a mention. The time required to produce a
design prior to printing is enumerated in only one text — that it once took “weeks” to pro-
duce a model, and now takes “hours”, as is the time required to print the object. An object
that was “four inches high” after 26 hours had “many more [hours] to go” until completion.
The omission of the time facet is also apparent in the mention, in the “Wired” article, that
“variety”, “flexibility” and “complexity” in 3-D printed objects are free, implying that the
time the designer or creator spends in intellectual labour producing the variety, flexibility
and complexity is valued at nothing.
I anticipated some of these findings. This included that the labour required to produce
objects with a 3-D printer is underrepresented from the point of view of both time and
skills required, and is simplistically presented through the use of phrases such as “just press
print”. The origins of both the printing technology in this (hobbyist/consumer) form are
occluded, as are the origins and labour behind the production of the object files available
on online repositories. This suggests that unpaid labour, that is, affective and immaterial
hobbyist labour is not seen as having value comparable with that of paid labour, and
despite the obvious technical advances being made both in immaterial — software and
design, and physical — the printers themselves, there is little to no representation of the
work “behind the scenes”. As an aside, this is similar to a trend within the discourses
circulating regarding “artisanal” products. The emphasis is placed specifically on their
origins as non-mass produced, with discourse using phrases such as “hand” made, “home”
made, and so on, yet also without representation of the process of labour and manufacture
(these factors are often deflected by discussion of affect and aesthetic).
The average American Maker is positioned as generally upper-middle class, white, college
educated, and over 40 years of age (“Make Magazine Media Kit”). I offer the argument
that many Makers are in a similar situation to Gelber’s description. They are profession-
ally employed engineers, scientists, teachers, programmers, and similar professionals, who
engage in Making in order to reclaim some agency, and work on projects of their choosing.
They want to have total control over its implementation, and do it for both the enjoyment
and perceptions of community involvement (Gelber). It may also be seen as a form of
(re)reclaiming the domestic sphere.
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Braverman predicted that the degradation and deskilling of working life would push peo-
ple to seek refuge in hobbies and subcultural identities, and that, intriguingly, these activ-
ities would soon be recaptured by capital. I propose that these tendencies are becoming
apparent in discourses of the Maker Movement itself, and the 3-D printer is one manifesta-
tion of that recapture.
4.6.1 Capital’s recapturing of affective labour
Nowhere is this more apparent than in the case of the MakerBot printer, subject of the
Wired article analysed. As mentioned in the introduction, the “primordial” form of the
hobbyist/low cost 3-D printer was based on a project founded by Adrian Bowyer at the
University of Bath around 2004 (Jones et al. 181). This project, being Open Source, was
completely documented online, including hardware drawings, software, and circuitry —
everything needed to replicate the printer23. This captured the imagination of many Mak-
ers, who set about building their own, modifying and improving on the original design.
After the expiration of the key FDM patents in 2009, a number of these projects became
commercial, including MakerBot. By 2012 there were an estimated 400 variants of this ba-
sic design, many of which were commercial products. The MakerBot 3-D printer was one
of these commercial products based on the original RepRap project(“RepRap Family Tree -
RepRapWiki, Project Website”).
In 2009 Bre Pettis and others founded MakerBot Industries, and released their first printer
in April of that year, under an Open Source hardware license, meaning anyone could both
copy and contribute back to the project. Various design iterations occurred over the next
few years, with significant input and design work from their community of customers and
supporters. In September 2012, on release of their Replicator 2 (The model discussed in the
Wired article), they announced that they would no longer be supporting an Open Source
model for their designs. In 2014 Pettis then filed a number of patents for innovations which,
according to the MakerBot community, were contributed under an Open-Source license by
community members, with the understanding that these designs would be free and open
for anyone to use (Brown).
The MakerBot case is interesting in the context of the nature of the Maker and Open-
Source communities. It is also relevant in the context of this research, as it illustrates the
ideas of co-option of the affective labour of Makers and hobbyists, which is then exploited,
and ultimately sold back to them. Terranova positions this as the “. . . moment where this
knowledgeable consumption of culture is translated into productive activities that are plea-
surably embraced and at the same time often shamelessly exploited” (Terranova 37). Gene
Ray, in “Revolution in the Post-Fordist Revolution” posits that “Behind its glossy imaginary,
however, post-Fordism brings a qualitative increase in exploitation. The virtuoso is in fact a
wage slave chained by data lines and microwaves to networks of open-source production”
(Ray).
Hardt and Negri proposed something similar in the metaphor of the factory without walls or
social factory. Negri states that “Work (production), education and training (reproduction),
23 http://www.reprap.org
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and leisure (consumption) all become points on an increasingly integrated circuit of cap-
italist activity” (Negri and Hardt 79), while Braverman suggests that: “So enterprising is
capital that even where the effort is made by one or another section of the population to
find a way to nature, sport, or art through personal activity and amateur or ‘underground
’ innovation, these activities are rapidly incorporated into the market so far as is possible.
(Braverman 193)”.
The emerging discourses of latency — entrepreneurship and creativity — suggest that these
have been externally suppressed or undermined, most probably by the exact factors out-
lined by Braverman — the degradation and deskilling of working life, and Gelber’s similar
ideas of loss of autonomy and manual competence through deskilling and fragmentation
of Fordism (Gelber 77). As a result, the discourse seems to indicate that one can move to-
wards recovering what has been lost through the exploitations of capital by simply being
a “hobbyist” or “Maker”, but one needs the appropriate tools in order for these skills to be
regained. Makers make as an attempt to recover some agency, and as an act of resistance
to modes of mass production. However, in order to be a complete maker, one has again to
become a consumer within this field. McKenzie Wark, writing about the Maker Faire, notes
this as “. . . the paradoxical act of artisanal labour as consumption” (Wark 302).
Returning briefly to the history of CNC machines above as an illustration of the nuances
of deskilling and labour, David Noble positions early CNC technology as a means of man-
agerial control, that is, circumventing the skilled machinists intelligence, and demoting
them to simple machine loader and operator (Noble 108). By keeping design and manu-
facturing skills off the workshop floor, management (the “capital”) hoped to regain control
over the previous autonomy of the machinists, and the threat to the flow of the otherwise
“automatic” factory. There is a significant difference here, in that CNC was a means to re-
move control from the factory floor, whereas the 3-D printer was adopted without coercion
or remuneration. (Söderberg 129). However, the trend towards simplification and “user-
friendliness” of 3-D printers follows the same course of deskilling. As a result, despite
the discourses claiming that this technology “democratises” manufacturing and allows the
user to “reclaim” the act of manufacturing, this seems to indicate the exact opposite. 3D
printing can therefore be seen as an act of consumption of the very material produced by
Makers in the first place, co-opted and resold back to them.
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Perhaps the single most important and difficult, task confronting the critical student of such
rapidly evolving technologies as NC is to try and disentangle dreams from realities, a hoped-for
future from an actual present. The two realms are probably nowhere more confused than in the
work of technologists. Thus criticisms of existing, or past, realities are typically countered with
allusions to a less problematic future; the present is always the ”debugging phase“, the transition,
at the beginning of the ”learning curve“ — merely a prelude to the future. As such it is immune
from scrutiny and criticism. ”
— (Noble 124)
5
C O N C L U S I O N
In my introduction I outlined my interest in, and reasons for following this line of research.
After a brief overview of the concept of the 3-D printer, I introduced the 3-D printer as an
artefact of the Maker movement, followed by a short review of related academic literature. I
then constructed a history of the Maker Movement, which can be located at the confluence
of both traditional DIY activities, focused on the home, and the technologically oriented
hacker community. This community has its roots in the Tech Model Railroad Club at MIT in
the late 1950s. The ethos of curiosity and exploration amongst their student engineers con-
verged with the embryonic field of computer science, and with the influence of figures such
as Richard Stallman ultimately led to the Open-Source movement. The philosophy of this
movement is that "information wants to be free" and as a consequence computer software
and data should be made freely available, distributable and modifiable. The beginnings of
Open Source were in the field of software, but the movement has now expanded to include
electronic and computer hardware. This is one of the primary influences behind the Maker
movement. The other is the concept of DIY. Early DIY activities, according to Gelber, notably
in postbellum America, were in part driven by men to attempt to claim previously feminine
domestic spaces (Gelber). Similar processes can be seen at work in the Maker movement,
particularly in light of the constructions of domestic spaces of the late Fordist era. One
important marker of the Maker movement is its relationship with technology, both as a
target of experimentation and making and also in the use of technology — such as the 3-D
printer — in this making.
I then explored the various motivations at play within the movement. Firstly is the re-
quirement and desire to learn from the act of making. Secondly, makers exhibit a sense of
nostalgia for a period (real or imaginary) where artisans and makers had more agency in
their work, and an affinity for both the products of this era and knowledge of the meth-
ods and crafts used. Thirdly, and closely linked with these utopian ideals of nostalgia is
the attempt (or at least the rhetoric demonstrates this) to somehow reclaim the process of
making and production of goods from the hegemony of industry. This manifests in strong
discourses of revolution. Fourthly, is the focus on participation in communities, either on-
line in the form of discussion groups and blogs, or offline, at Maker Faires and similar
gatherings. Finally, and probably most important, is the need to be able to express creativ-
ity through making. I explicitly make this connection by linking the Maker movement with
various aspects of affect. This construction of the Maker provides opportunities to explore
physical, intellectual and affective labour, and I complicate this set of ideas by arguing that
the 3-D printer itself is a product of these forms of labour.
Then, in order to sustain and justify my emphasis on labour in the context of the Maker
movement, I first looked at the basic modes of labour across the primary industrial and so-
cial points of inflection over the last two centuries, using the ideas put forward by Nikolai
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Kondratiev as an organising principle. Kondratiev theorised the existence of cyclic shifts
in labour and industry — known as waves, and others (Korotayev, Zinkina, and Bogevol-
nov) have extended this work to include innovation as a driving force. I began with the
current era, generally known as the late post-Fordist era, or, in Kondratiev’s terms, the "fifth
wave", and the prospect of the beginnings of a movement towards a sixth wave. The main
focus of this wave is the move from physical production of goods towards intellectual and
information labour, or knowledge work. This also means that with this sort of work, there
is no requirement for the worker to be physically present, and so the workplace extends
outside the factory, and all places become potential workplaces. As a result, workers no
longer necessarily direct their loyalties toward a company, the military or other focii such
as national identity and there has been a groundswell of new social movements with the
common thread of an open, participatory ethic (Sternberg 1029).
To locate this post-Fordist era, I examined the preceding industrial era, the ideas of Fordism,
and how they came about. In the period leading up to the Industrial Revolution, the late
18th century, most labour was physical in nature. Farm work was mostly waged labour at
this point, markedly different to the indentured labour prevalent before the 15th century,
and capital was starting to appear as joint ventures were launched by the landed, farmers
and merchants. The other primary form of labour was artisanal, in areas such as masonry,
glass making or cloth weaving, and was marked by the steep investment required, namely
a lengthy apprenticeship. This work was characterised by the fact that the artisan had
total control over the goods he produced, from selection of raw material right through to
finished product.
In contrast to this, the late 18th century saw the introduction of machinery into the cotton
industry in England marking a significant upturn in production and efficiency. Over the
next century this spread into most forms of manufacturing, displacing much manual and
artisanal labour. The year 1908 marked a pivotal moment in this ongoing process of au-
tomation as Henry Ford put the first industrial production line into action. The idea of a
production line was already in use in the meat packing industry, but Ford’s contribution
was to deconstruct the process of production into the smallest possible units. This allowed
for an important breakthrough: the fact that the workers performed small, simple tasks of
assembly at each stage meant that they did not need to be skilled, and so could be paid
less, and they had no control over the process, the control was moved further up the chain
into management. This was directly opposed to the manner in which the previous forms
of artisanal work happened.
I then position the work of the Italian Autonomist Marxists, namely Michael Hardt, Antio-
nio Negri and their peers as the next stage in the trajectory of labour and more importantly,
as a productive framework in which to examine labour in the late post-Fordist economy.
The central premise of Autonomism is that labour does not need capital in order to be
productive, unlike traditional Marxism, where labour needs capital, that is, the workers
need the factory (and the equipment, materials, and control) in order to produce value. Au-
tonomism allows labour to be in control of itself. As a result of this perceived independence
from capital, the worker is no longer tied to a factory — the abovementioned post-Fordist
factory without walls. Much of this labour is immaterial and intellectual in nature, and so
is both a product of, and reliant on, the prevalence of communication networks, and a re-
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sulting growth in communities and social movements (as suggested by Sternberg, above)
formed and linked through these networks.
Another aspect of the Autonomist model of labour is the idea of affective labour. This was
originally presented by Dalla Costa and James as feminine labour — emotional and re-
productive labour — the labour required to support the labour force, and was thus based
in the home. Now that the home is being turned into a workplace, and to some extent de-
feminised, so is affective labour. Affective labour is being redefined as labour that produces
affect, that is, “. . . its products are intangible; a feeling of ease, well-being, satisfaction, ex-
citement, passion — even a sense of connectedness or community” (Negri and Hardt 96).
It still shares the traits observer by feminist theorists of affective labour in that it is tradi-
tionally undervalued, often unwaged, and dependent on emotional and social wellbeing
and rewards in lieu of traditional wages. Given that the workplace is no longer centralised,
work pervades even the domestic space and there is little distinction between work and
non-work. According to Negri, “Work (production), education and training (reproduction),
and leisure (consumption) all become points on an increasingly integrated circuit of capi-
talist activity” (Negri and Hardt).
In order to cement and illustrate my hypothesis that the labour at the heart of the Maker
movement is occluded in the currently circulated discourses, I performed MCDA on a small,
selected set of texts including advertisements and article from both print and online sources,
and then discussed the findings from these in light of the earlier theoretical examination
of labour. CDA aims not just to describe discourse, but, being grounded in social history,
semiotics and linguistics, also attempts to explain how and why it was produced, and the
related ideological underpinnings (Tenorio). MCDA extends CDA by facilitating examination
of texts in different modalities, that is, images and film in addition to written text.
My first-pass reading of the texts revealed two primary groups of discourse, categorised as
existing discourses and mythicisations of technology and emerging discourses and representational
strategies of 3D printing. Given these two categories, I then performed a close reading and
further refined the findings within these groups.
The first group, existing discourses and mythicisations of technology, disclosed discourses of
futurism and utopia, often by using concepts from science-fiction and fantasy. The texts
referenced figures reminiscent of Batman and similar superheroes and folkloric characters,
and the 3-D printer was often presented as an instrument from the future, similar to the
Cornucopia machine of science fiction. In contrast to this, yet connected, are discourses of
nostalgia incorporating some problematic tensions. The Maker movement tends to fetishise
traditional work and craftsmanship, and yet implies that with the 3-D printer, we can now
forget what we know about manufacturing and crafting. One text in fact states that while
3-D printing offers the potential to democratise design, it does so by ". . . letting Makers
off the intellectual hook as they bypass deep knowledge of materials and process." (Fig-
ure 6). Other discourses within this group involve revolution and disruption, that the 3-D
printer will change the nature of manufacturing, and in fact bring on a new Industrial
Revolution.
The second group, emerging discourses and representational strategies of 3D printing, disclosed
the following discourses: Firstly, a common theme is that of democratisation of the technol-
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ogy, and thus the act of manufacturing. This is presented as an act of resistance to the struc-
tures of industry and manufacturing. The idea of reclaiming the process of manufacturing
is deployed frequently. Next I discussed the discourses around the domestic space and
home. The presentation, both textually and in images, often placed the 3-D printer within
the home, either as an appliance or as an entertainment device. Only one text mentioned a
workshop space in the form of "the basement". All texts showed evidence of conflation of
the domestic and work spaces; pointing towards Negri’s social factory. Additionally, ideas
of toys and play were commonly used to communicate the skills and labour needed to use
the machines as being as easy as child’s play. The many references to toys or ornaments also
demonstrated that these are the primary product of the 3-D printer, as well as the most
commonly printed object.
Thirdly within this group of emergent discourses, are those of creativity and latent skills.
The 3-D printer is presented as being a means of expressing latent creativity and en-
trepreneurship. The discourses underplay the need for extant skills, suggesting that the
3-D printer is all that is needed in order to be creative or productive. Similarly, the creative
as a figure is often found in close proximity to these ideas, further implying that this is also
what one needs in order to construct one’s identity as a creative person.
The results of further analysis of my sample texts demonstrated omission of discourses of
labour from texts representing this technology. The labour and skills capital required to
use and maintain these machines is underrepresented and oversimplified. In this context,
themes of “magic” occur frequently, both as a means of overstating the ease of use of the
3-D printer, and as a step towards mythologising both the technology and the processes of
printing. There is distinct emphasis on affect as a product of labour, that is, the enjoyment
and satisfaction from performing the labour. Rhetorics claim 3-D printing as a means to
reclaim the act of production, and thus subvert the traditional modes of consumption and
production. In reality, it seems that given a 3-D printer, the act of “Making” is simply
another form of consumption.
Other compelling issues were surfaced in my analysis; despite being apparently uncon-
nected with the primary issues of labour, they may yet prove to be of some interest and
relevance. Firstly, despite extensive use of discourses of massification and democratisation
of production and access to cheap technology, both the prices of these machines (starting
at US $400 at Walmart), and that MakerBot’s retail stores were in upmarket shopping areas
indicate that the reality is far from the discourse. This is reinforced by the statistics from
Make Magazine stating that their average reader is over 40, white male, with a university
education and significant (over $100 000) income. Secondly, and supported by these con-
flicting rhetorics, is that nobody actually knows who the target market is for consumer 3-D
printers and what they will be used for other than to make, and be, toys.
5.1 limitations of this research
There were three primary limitations in this research, all of which were the result of con-
scious decisions. Firstly, the number of texts I analysed was small. This was due to the
principles that underpin MCDA which facilitate reading for depth. Discourse analysis is not
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a method for counting or enumerating occurrences in content, but looks toward a narrow
and sustained focus. However, that is not to say that a large scale representative sampling
approach of media messages might reveal valuable alternative discourses or patterns in the
deployment of these discourses.
Secondly, the explorations of the Open Source, DIY and Maker movements contained ref-
erences to local figures or histories, although one of the texts was out of a South African
commercial publication signalling that at this level, at the very least, there are remarkable
similarities. This is a fascinating area to cover for future work, however there were various
factors which would have been beyond the scope of this dissertation. These include the
complex labour environment due to the legacy of prior regimes of exploitation and segre-
gation; the deeply asymmetrical access to resources complicated by class and racial issues,
and the dimension of discourses from the global North colliding with local post-colonial
discourses.
Thirdly, there are many other platforms, such as maker spaces and online fora, and texts
where the 3-D printer is discussed and where there are a different range of issues and
discourses. However, these take the shape of a different kind of textual and participatory
practice that lends itself to a different method of discovery, most likely an ethnographic
approach, and a different project entirely.
5.2 avenues for further research
Various contentious issues around this technology, both positive and negative, have emerged
in recent years. There has been a pronounced moral panic and resultant legislative reactions
regarding 3-D printed handguns in an era of tightening personal weapons control laws. 3-
D model files of these weapons can be downloaded from various sites on the Internet (for
instance Defense Distributed1), and the printed guns, although limited in accuracy or use-
ful life (they can only be fired once or twice) are undetectable using traditional security
metal detectors, a disturbing notion for many in the age of heightened security and polit-
ical tension. There is certainly an opportunity for research that considers these processes
and their inextricable link with questions of civil liberties and freedom of expression and
speech, both in the context of private weapon ownership within the USA, and the legalities
of distributing the files that allow these weapons to be printed.
Intellectual property rights are another area of controversy, with concerns that consumer
goods could be scanned and copied, or that 3-D models of copyrighted objects could be
shared and printed. With large-scale online repositories of 3-D models and online piracy
sites such as Piratebay now offering 3-D model downloads or Physibles2 this may turn out
to be an edge case for rethinking theoretical models for consumption and commodity.
Finally, on a more positive note, the humanitarian aspects of the 3-D printer are worthy
of further research. Projects such as OpenProsthetics and others producing prosthetic and
1 https://defdist.org
2 Although not many at this point. At the time of writing (September 2015), The PirateBay listed many thousand
pages of movies, but only 6 pages of Physibles.
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medical devices are open-sourcing their designs and soliciting input from users, designers
and practitioners. There are also some compelling discourses and myth making happening
within these areas, and this may be worthy of examination in the context of Lilie Chou-
liaraki’s ideas of post-humanitarianism (Chouliaraki).
The 3D printer is being constructed as a symbol of the future, a proxy for future objects
that at this point in time are unknowable. When it is known or decided what these are, I
am sure we will print them.
Part I
A P P E N D I X
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Figure 1: “UP” 3-D Printer Advertisement
Maker Profi le: RC Dragster Sports
PCNC 770 Series 3
$6850 (plus shipping)
starting at:
www.tormach.com/dragsters
PCNC 1100 Series 3
$8480
starting at:
(plus shipping)
Ilo Floyd builds high performance frames and drive trains for RC dragster cars with 
his Tormach PCNC 1100.  These dragsters are powered by Lithium batteries and race 
on a 1/10th scale quarter mile track that is 132 feet long.  His record is 1.49 seconds 
at over 90 miles per hour.  Learn more at www.tormach.com/dragsters.
Mills shown here 
with optional stand 
and accessories.
M37_003_Tiertime_Tormach.indd   3 12/16/13   5:11 PM
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Figure 2: Dion Wired Advertisement
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Figure 3: “Boston Globe” Article
Today's top tech event Click to view 
INNOVATION ECONOMY
Shaky start, but 3-D printing revolution underway
SHARE
   
By Scott Kirsner
Globe Correspondent
07/31/2015
Michael Perrone was standing at a workbench next to one of the world’s most advanced 3-D printers, trying to figure out what was
going wrong. The printer, not yet on the market, can produce small objects out of plastic, adding circuitry to them as it goes.
But just as your inkjet printer sometimes misbehaves, the Voxel8 prototype didn’t want to spit out the conductive silver “ink” that will
form an antenna. The problem seemed to be the building’s power and Internet connection getting switched off and then on again,
messing with the printer’s electronics.


Daniel Oliver, co-founder of Voxel8, a Somerville startup that makes 3D printers that produce objects that incorporate electronics.
Suzanne Kreiter/Globe Staff
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You’ve probably heard the hype about 3-D printing: it’s amazing, and by Christmas we’ll each have our very own “Star Trek”
replicators down in the basement, spewing out thermoplastic so Santa doesn’t have to show up with his sleigh.
Reality is rougher. A mutual fund of publicly traded companies that produce 3D printers is down almost one-third over the last year.
MakerBot, a Brooklyn company that makes machines priced as low as $1,375, laid off 100 people in April and shuttered its three retail
outlets, including one on Newbury Street.
“The so-called mass market for 3-D printing is still pretty early and unproven,” says Marina Hatsopoulos, former chief executive of Z
Corp., an MIT spinout that helped pioneer the industry. Hatsopoulos quips that “people who shop on Newbury Street do not have 3-D
CAD files in their wallets,” referring to the digital models that must be created before an object can be produced. And the cost of
making something on a 3-D printer at home is still far more expensive than buying something from Walmart, Hatsopoulos says.
Lots of people draw a parallel to the first personal computers in the 1970s, which also required lots of care and feeding. “The PC
experience was oversold, too,” says Ric Fulop, a Waltham venture capitalist who owns three different brands of 3-D printers. He
expects the market for 3-D printers “will be 10 times bigger in 10 years than it is today.”
Despite disappointments in the consumer market, a very significant revolution is happening in 3-D printing when it comes to business
and educational uses. Terry Wohlers, president of the Colorado consulting firm Wohlers Associates, says he expects sales of 3-D
printing products and services worldwide to nearly double to $7.3 billion in 2016 from $4.1 billion this year.
In the Boston area, a number of companies hope to capture some of that growth. MarkForged in Somerville has a desktop printer that
can make ultra-rigid parts out of Kevlar and carbon fiber. Another Somerville-based firm, Formlabs, used a dozen of its printers to
create several hundred wearable digital bracelets at a conference in June. The bracelets featured different designs, and they lit up
when two conference attendees with something in common were close to one another. Woburn-based Viridis3D has a printing
system that uses a robotic arm to precisely sprinkle layers of sand that is then hardened with a fixative, creating a mold for casting
large parts.
In July, Voxel8, born in a Harvard University research lab, said it raised $12 million, its first significant round of venture capital. (The
company was formed only last September.) Co-founder Dan Oliver says that rather than producing flat circuit boards that must be
wedged into a finished product, designers in the not too distant future will be able to incorporate circuitry into the product itself.
Voxel8’s 3-D printer will allow them to do that. One example: a smartphone in which the antenna is integrated into the outer shell,
providing better reception.
A 3D printed device with circuitry inside, created by a Voxel8 printer.
Most of today’s printers only allow you to use a single material at a time — not unlike when office printers just cranked out documents
in black and white. “We think the next big jump is using printers to create finished devices, not just prototypes, with multiple materials
in them working together,” says Oliver. The company plans to start shipping its printers later this year, at about $9,000 each.
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Another electronic device from Voxel8’s printer. Some components, like the LED, were inserted
by hand during the printing process.
Perhaps the most significant local player in this revolution is a nonprofit called the Fab Foundation (“fab” being short for fabrication).
Born at MIT, it supports the creation and operation of a network of more than 500 Fab Labs in 67 countries, outfitted with 3D printers
and other tools that enable students and community members to “make anything they can imagine,” says Lass, director of the Fab
Foundation. (Yes, she goes by just one name.) The first opened in 2003, at the South End Technology Center.
Neil Gershenfeld, the MIT professor who helped open that first Fab Lab, says, “Innovation is a very chaotic, messy process. It doesn’t
work in sterile boxes. Globally, these Fab Labs bring bright, inventive people out of the woodwork.” He and Lass see Fab Labs as a key
part of a city’s infrastructure — a place for citizens to not just design products and make art, but also to build things that address
urban problems, such as sensors that gather data about pollution and adapters that allow bicycle power to run appliances.
This week, several thousand people will participate in the 11th annual Fab Lab Conference & Symposium in Boston. Among the
sessions: executives from Google and Amazon.com will talk about making things with robot assistance, and Beno Juarez of Peru will
talk about setting up a floating Fab Lab on the actual Amazon.
Gershenfeld is already thinking ahead to the next few decades: “Today, we buy machines to put into a Fab Lab, but we’re working very
quickly to get to a next stage, where you will go to a Fab Lab to make the machines you need. You’ll use a Fab Lab to make a Fab Lab.”
Kind of mind-blowing, no?
Scott Kirsner can be reached at kirsner@pobox.com. Follow him on Twitter @ScottKirsner and on betaboston.com.
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Figure 4: “Wired Magazine” Article - cover of issue
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he
 d
es
ig
ns
th
ey
 c
ou
ld
 p
rin
t.
 A
t 
m
y 
ho
us
e,
 t
he
 k
ill
er
 a
p
p
 fo
r 
ou
r 
M
ak
er
B
ot
s 
ha
s 
b
ee
n 
to
ys
: d
ol
lh
ou
se
fu
rn
itu
re
, b
oa
rd
 g
am
e 
p
ie
ce
s,
 m
od
el
s.
 P
rin
t,
 p
ai
nt
, p
la
y.
 F
re
e 
d
es
ig
n 
lib
ra
rie
s 
lik
e 
M
ak
er
B
ot
’s
ow
n 
Th
in
g
iv
er
se
 a
nd
 e
q
ui
va
le
nt
s 
fr
om
 T
in
ke
rc
ad
 a
nd
 A
ut
od
es
k 
m
ea
n 
th
at
 t
he
re
 a
re
 p
re
m
ad
e
C
A
D
 fi
le
s 
av
ai
la
b
le
 t
o 
d
o 
ju
st
 a
b
ou
t 
an
yt
hi
ng
 y
ou
 c
an
 im
ag
in
e.
 It
’s
 s
im
p
ly
 a
 m
at
te
r 
of
d
ow
nl
oa
d
in
g
 t
he
m
, m
od
ify
in
g
 t
he
m
 if
 n
ec
es
sa
ry
, a
nd
 s
en
d
in
g
 t
he
m
 t
o 
th
e 
M
ak
er
B
ot
 t
o 
b
e
p
rin
te
d
.
La
st
 y
ea
r 
M
ak
er
B
ot
 r
ai
se
d
 $
10
 m
ill
io
n 
fr
om
 in
ve
st
or
s,
 in
cl
ud
in
g
 A
m
az
on
 fo
un
d
er
 J
ef
f B
ez
os
, t
o
fu
nd
 it
s 
ex
p
an
si
on
. I
t 
w
ill
 n
ee
d
 a
ll 
th
at
 a
nd
 m
or
e 
to
 c
om
p
et
e 
w
ith
 a
 h
os
t 
of
 o
th
er
 e
m
er
g
in
g
 lo
w
-
co
st
 3
-D
 p
rin
te
rs
, i
nc
lu
d
in
g
 C
hi
ne
se
 d
ev
ic
es
 a
nd
 e
m
er
g
in
g
 c
op
yc
at
 c
lo
ne
s.
 T
he
 m
on
ey
 is
 g
oi
ng
in
to
 R
&
D
, e
ng
in
ee
rin
g
, m
an
uf
ac
tu
rin
g
, a
nd
 a
 n
ew
 c
or
p
or
at
e 
H
Q
—
ev
er
yt
hi
ng
 n
ec
es
sa
ry
 t
o 
ta
ke
 a
b
us
in
es
s 
th
at
 c
re
at
es
 k
its
 fo
r 
ho
b
b
yi
st
s 
an
d
 s
ca
le
 it
 in
to
 a
 c
or
p
or
at
io
n 
w
ho
se
 p
ro
d
uc
ts
 s
el
l a
t
Ta
rg
et
.
Th
is
 is
 M
ak
er
B
ot
’s
 M
ac
in
to
sh
 m
om
en
t.
 J
us
t 
as
 n
ea
rly
 3
0 
ye
ar
s 
ag
o 
A
p
p
le
 m
ad
e 
d
es
kt
op
p
ub
lis
hi
ng
 m
ai
ns
tr
ea
m
, t
he
 a
im
 w
ith
 t
he
 R
ep
lic
at
or
 2
 is
 t
o 
ta
ke
 s
om
et
hi
ng
 n
ew
 t
o 
th
e 
m
as
se
s:
d
es
kt
op
 m
an
uf
ac
tu
rin
g
.
A
 g
en
er
at
io
n 
ag
o,
 p
eo
p
le
 m
es
si
ng
 a
ro
un
d
 w
ith
 t
ho
se
 o
rig
in
al
 M
ac
s 
p
ro
d
uc
ed
 s
om
e 
te
rr
ib
le
la
yo
ut
s—
ty
p
ic
al
ly
 a
 d
og
’s
 b
re
ak
fa
st
 o
f f
on
ts
 a
nd
 c
lip
 a
rt
. B
ut
 t
he
n 
th
ey
 g
ot
 b
et
te
r.
 W
he
n 
th
os
e
sk
ill
s 
m
ov
ed
 o
n 
to
 t
he
 w
eb
, a
n 
en
tir
el
y 
ne
w
 w
ay
 o
f p
ub
lis
hi
ng
 w
as
 b
or
n—
an
d
 a
 n
ew
 in
d
us
tr
y 
to
g
o 
w
ith
 it
. D
es
kt
op
 p
ub
lis
hi
ng
 c
ha
ng
ed
 t
he
 w
or
ld
.
D
e
s
ig
n
 I
t
, 
P
o
s
t
 I
t
, 
S
e
ll
 I
t
A
b
o
v
e
:
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To
d
ay
 m
os
t 
p
eo
p
le
’s
 fi
rs
t 
3-
D
 p
rin
tin
g
 p
ro
je
ct
s 
se
em
 a
s 
un
im
p
re
ss
iv
e 
as
 t
ho
se
 fi
rs
t 
d
es
kt
op
-
p
ub
lis
hi
ng
 e
ffo
rt
s.
 B
ut
 t
he
 R
ep
lic
at
or
 2
 li
ne
, w
ith
 it
s 
ea
sy
-t
o-
us
e 
so
ft
w
ar
e 
an
d
 o
p
tio
na
l d
ua
l
ex
tr
ud
er
, i
s 
d
es
ig
ne
d
 t
o 
ac
ce
le
ra
te
 t
he
 le
ar
ni
ng
 c
ur
ve
 t
o 
m
or
e 
so
p
hi
st
ic
at
ed
 o
b
je
ct
s 
b
y 
of
fe
rin
g
hi
g
he
r 
re
so
lu
tio
n 
(tw
o 
to
 t
hr
ee
 t
im
es
 t
ha
t 
of
 p
re
vi
ou
s 
M
ak
er
B
ot
s)
, m
or
e 
co
lo
rs
, m
or
e 
co
m
p
le
x
sh
ap
es
, a
nd
 m
or
e 
re
lia
b
le
 o
ut
p
ut
. A
d
d
 t
he
 w
eb
’s
 fa
st
-g
ro
w
in
g
 li
b
ra
rie
s 
of
 fr
ee
 d
es
ig
ns
 a
nd
 it
’s
ea
sy
 t
o 
se
e 
an
 e
m
er
g
in
g
 a
lte
rn
at
iv
e 
to
 t
he
 m
as
s-
p
ro
d
uc
tio
n 
m
od
el
 t
ha
t 
d
om
in
at
es
m
an
uf
ac
tu
rin
g
 t
od
ay
. N
ow
 w
e 
ca
n 
m
ak
e 
th
e 
Lo
ng
 T
ai
l o
f T
hi
ng
s—
p
er
ha
p
s 
no
t 
ye
t 
w
ith
 t
he
 s
am
e
p
ro
d
uc
tio
n 
q
ua
lit
y 
as
 m
as
s-
m
ar
ke
t 
fa
re
, b
ut
 fa
r 
b
et
te
r 
ta
ilo
re
d
 fo
r 
th
ei
r 
ow
ne
r 
(w
ho
 a
ls
o 
ha
p
p
en
s
to
 b
e 
th
ei
r 
m
ak
er
) a
nd
 w
ild
ly
 c
re
at
iv
e.
 W
ha
t 
d
es
kt
op
 fa
b
ric
at
io
n 
re
p
re
se
nt
s 
is
 a
 la
b
or
at
or
y 
fo
r 
th
e
fu
tu
re
, n
ot
 ju
st
 o
f m
an
uf
ac
tu
rin
g
 b
ut
 o
f s
tu
ff 
its
el
f.
Y
o
u
 m
ig
h
t
 t
h
in
k
 o
f 3
-D
 p
rin
tin
g
 a
s 
b
le
ed
in
g
-e
d
g
e 
te
ch
no
lo
g
y,
 r
el
ev
an
t 
on
ly
 t
o 
g
ee
ks
 o
r
hi
g
h-
en
d
 d
es
ig
n 
w
or
ks
ho
p
s.
 B
ut
 y
ou
 m
ay
 h
av
e 
en
co
un
te
re
d
 a
 3
-D
 p
rin
te
r 
al
re
ad
y,
 in
ci
rc
um
st
an
ce
s 
so
 p
ro
sa
ic
 y
ou
 d
id
n’
t 
ev
en
 n
ot
ic
e.
Le
t’s
 s
ta
rt
 a
t 
th
e 
d
en
tis
t’s
 o
ffi
ce
. M
an
y 
cu
st
om
 d
en
ta
l f
itt
in
g
s 
ar
e 
no
w
 3
-D
 p
rin
te
d
—
lik
e 
th
e 
se
rie
s
of
 m
ou
th
 g
ua
rd
s,
 e
ac
h 
sl
ig
ht
ly
 d
iff
er
en
t 
fr
om
 t
he
 la
st
, t
ha
t 
ar
e 
us
ed
 t
o 
ch
an
g
e 
to
ot
h 
al
ig
nm
en
t
ov
er
 m
on
th
s.
 A
ft
er
 a
 d
en
ta
l t
ec
hn
ic
ia
n 
sc
an
s 
th
e 
cu
rr
en
t 
p
os
iti
on
 o
f t
he
 t
ee
th
, a
ll 
p
os
iti
on
s
in
te
rm
ed
ia
te
 t
o 
th
e 
d
es
ire
d
 e
nd
 p
oi
nt
 a
re
 m
od
el
ed
 b
y 
so
ft
w
ar
e 
an
d
 t
he
n 
p
rin
te
d
 o
ut
 in
 p
la
st
ic
.
A
ls
o,
 if
 y
ou
’re
 lu
ck
y 
en
ou
g
h 
to
 h
av
e 
a 
d
en
tis
t 
w
ho
 c
an
 r
ep
la
ce
 a
 c
ro
w
n 
in
 a
 s
in
g
le
 s
itt
in
g
, i
t’s
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b
ec
au
se
 m
od
el
s 
ar
e 
3-
D
 p
rin
te
d
 a
nd
 t
he
n 
th
e 
re
p
la
ce
m
en
t 
te
et
h 
ar
e 
m
ill
ed
 r
ig
ht
 t
he
re
 in
 t
he
of
fic
e.
A
nd
 t
ha
t’s
 ju
st
 t
he
 t
oo
th
 b
us
in
es
s.
 P
ra
ct
ic
al
ly
 e
ve
ry
 c
on
su
m
er
 it
em
 o
r 
el
ec
tr
on
ic
 g
ad
g
et
 y
ou
 o
w
n
ha
s 
b
ee
n 
p
ro
to
ty
p
ed
 o
n 
a 
3-
D
 p
rin
te
r;
 d
itt
o 
fo
r 
th
e 
ne
w
er
 b
ui
ld
in
g
s 
ar
ou
nd
 y
ou
. T
od
ay
 y
ou
 c
an
g
et
 a
 c
us
to
m
 3
-D
-p
rin
te
d
 a
ct
io
n 
fig
ur
e 
of
 y
ou
r 
W
or
ld
 o
f W
ar
cr
af
t 
ch
ar
ac
te
r 
or
 y
ou
r 
X
b
ox
 L
iv
e
av
at
ar
. A
nd
 if
 y
ou
 g
o 
to
 T
ok
yo
, y
ou
 c
an
 h
av
e 
yo
ur
 h
ea
d
 s
ca
nn
ed
 fo
r 
a 
p
ho
to
-r
ea
lis
tic
 a
ct
io
n
fig
ur
e 
of
 y
ou
rs
el
f. 
(T
ry
 n
ot
 t
o 
g
et
 t
oo
 c
re
ep
ed
 o
ut
.)
C
om
m
er
ci
al
 3
-D
 p
rin
tin
g
 w
or
ks
 w
ith
 o
nl
y 
a 
fe
w
 d
oz
en
 t
yp
es
 o
f m
at
er
ia
ls
, m
os
tly
 m
et
al
s 
an
d
p
la
st
ic
s,
 b
ut
 m
or
e 
ar
e 
in
 t
he
 w
or
ks
. R
es
ea
rc
he
rs
 a
re
 e
xp
er
im
en
tin
g
 w
ith
 e
xo
tic
 “
in
ks
” 
th
at
 r
an
g
e
fr
om
 w
oo
d
 p
ul
p
 t
o 
su
g
ar
. S
om
e 
d
ev
ic
es
 c
an
 e
xt
ru
d
e 
liq
ui
d
 fo
od
s,
 li
ke
 c
up
ca
ke
 ic
in
g
 a
nd
 m
el
te
d
ch
oc
ol
at
e.
 S
oo
n 
w
e’
ll 
b
e 
ab
le
 t
o 
p
rin
t 
el
ec
tr
ic
 c
irc
ui
ts
, p
ot
en
tia
lly
 m
ak
in
g
 c
om
p
le
x 
el
ec
tr
on
ic
s
fr
om
 s
cr
at
ch
.
W
he
n 
3-
D
 p
rin
te
rs
 m
ak
e 
an
 o
b
je
ct
, t
he
y 
us
e 
an
 “
ad
d
iti
ve
” 
te
ch
no
lo
g
y,
 w
hi
ch
 is
 t
o 
sa
y 
th
ey
 b
ui
ld
ob
je
ct
s 
la
ye
r 
b
y 
la
ye
r 
fr
om
 t
he
 b
ot
to
m
 u
p
. (
B
y 
co
nt
ra
st
, o
th
er
 c
om
p
ut
er
-c
on
tr
ol
le
d
 m
ac
hi
ne
s,
su
ch
 a
s 
th
e 
C
N
C
 r
ou
te
r 
an
d
 C
N
C
 m
ill
, a
re
 “
su
b
tr
ac
tiv
e”
; t
he
y 
us
e 
a 
sp
in
ni
ng
 t
oo
l t
o 
cu
t 
or
 g
rin
d
aw
ay
 m
at
er
ia
l.)
 S
of
tw
ar
e 
fir
st
 e
xa
m
in
es
 t
he
 C
A
D
 fi
le
 fo
r 
an
 o
b
je
ct
 a
nd
 fi
g
ur
es
 o
ut
 h
ow
 t
o 
m
ak
e 
it
p
rin
ta
b
le
 u
si
ng
 t
he
 le
as
t 
am
ou
nt
 o
f m
at
er
ia
l a
nd
 t
im
e.
 T
ak
e,
 fo
r 
ex
am
p
le
, a
 r
ob
ot
 fi
g
ur
in
e.
 T
he
ex
te
rn
al
 w
al
ls
 w
ill
 b
e 
p
rin
te
d
 a
cc
or
d
in
g
 t
o 
th
e 
sp
ec
s,
 b
ut
 t
he
ir 
th
ic
kn
es
s 
ca
n 
va
ry
, d
ep
en
d
in
g
 o
n
th
e 
m
at
er
ia
l; 
th
e 
so
ft
w
ar
e 
w
ill
 c
al
cu
la
te
 t
he
 b
es
t 
th
ic
kn
es
s 
to
 p
rin
t 
fo
r 
su
ffi
ci
en
t 
st
re
ng
th
 w
hi
le
m
in
im
iz
in
g
 t
he
 a
m
ou
nt
 o
f m
at
er
ia
l u
se
d
. T
yp
ic
al
ly
 t
he
 in
si
d
e 
of
 t
he
 b
od
y 
is
 n
ot
 v
is
ib
le
, s
o 
th
er
e 
is
no
 n
ee
d
 t
o 
p
rin
t 
it.
 B
ut
 w
ith
ou
t 
an
y 
in
te
rio
r 
st
ru
ct
ur
e,
 t
he
 fi
g
ur
in
e 
co
ul
d
 w
in
d
 u
p
 t
oo
 fr
ag
ile
. S
o
th
e 
so
ft
w
ar
e 
m
ig
ht
 m
ak
e 
a 
ho
ne
yc
om
b
-li
ke
 s
up
p
or
t 
m
at
rix
 t
o 
p
ro
vi
d
e 
m
ax
im
um
 r
ig
id
ity
 w
ith
m
in
im
al
 m
at
er
ia
l.
Th
e 
so
ft
w
ar
e 
th
en
 “
sl
ic
es
” 
th
e 
ob
je
ct
 in
to
 h
or
iz
on
ta
l l
ay
er
s 
as
 t
hi
n 
as
 t
he
 p
rin
te
r 
ca
n 
ha
nd
le
. A
s
th
e 
p
rin
te
r 
he
ad
 m
ov
es
 o
ve
r 
th
e 
b
ui
ld
 a
re
a,
 it
 d
ep
os
its
 m
at
er
ia
l a
lo
ng
 t
he
 p
er
im
et
er
 o
f t
he
ob
je
ct
, w
ith
 t
he
 s
of
tw
ar
e 
p
ic
ki
ng
 a
 p
at
h 
th
at
 m
in
im
iz
es
 t
he
 d
is
ta
nc
e 
th
e 
he
ad
 m
us
t 
m
ov
e.
 T
he
n,
on
ce
 a
 s
lic
e 
is
 fi
ni
sh
ed
, t
he
 p
rin
te
r’s
 b
ui
ld
 p
la
tf
or
m
 m
ov
es
 d
ow
n 
a 
tin
y 
fr
ac
tio
n 
of
 a
n 
in
ch
 a
nd
 t
he
he
ad
 t
ra
ce
s 
th
e 
ne
xt
 s
lic
e,
 la
yi
ng
 d
ow
n 
an
ot
he
r 
la
ye
r 
of
 m
at
er
ia
l. 
A
nd
 s
o 
it 
g
oe
s,
 la
ye
r 
b
y 
la
ye
r,
un
til
 t
he
 o
b
je
ct
 is
 fi
ni
sh
ed
.
Th
e 
w
ho
le
 p
ro
ce
ss
 is
 a
lm
os
t 
m
ag
ic
al
 t
o 
w
at
ch
. T
ha
t’s
 t
he
 b
ea
ut
y 
of
 d
ig
ita
l f
ab
ric
at
io
n.
 Y
ou
 d
on
’t
ne
ed
 t
o 
kn
ow
 h
ow
 t
he
 m
ac
hi
ne
s 
d
o 
th
ei
r 
w
or
k 
or
 h
ow
 t
o 
op
tim
iz
e 
th
ei
r 
to
ol
 p
at
hs
; s
of
tw
ar
e
fig
ur
es
 a
ll 
th
at
 o
ut
. W
e’
re
 m
ov
in
g
 t
ow
ar
d
 a
n 
er
a 
w
he
n,
 ju
st
 li
ke
 w
ith
 y
ou
r 
2-
D
 p
rin
te
r,
 y
ou
 d
on
’t
ha
ve
 t
o 
th
in
k 
ab
ou
t 
ho
w
 y
ou
r 
3-
D
 p
rin
te
r 
w
or
ks
, o
nl
y 
w
ha
t 
yo
u 
w
an
t 
to
 p
ro
d
uc
e 
w
ith
 it
.
A
 h
om
e 
3-
D
 p
rin
te
r 
is
 fu
n.
 T
he
 č
ǿň
čě
pț
 o
f a
 h
om
e 
3-
D
 p
rin
te
r,
 t
ho
ug
h,
 is
 t
he
 b
eg
in
ni
ng
 o
f a
ne
w
 in
d
us
tr
ia
l r
ev
ol
ut
io
n.
 T
ha
t’s
 b
ec
au
se
 t
ho
se
 C
A
D
 fi
le
s 
yo
u 
cr
ea
te
d
 fo
r 
yo
ur
 R
ep
lic
at
or
 2
 c
an
ju
st
 a
s 
ea
si
ly
 d
riv
e 
in
d
us
tr
ia
l r
ob
ot
s;
 M
ak
er
B
ot
s 
sp
ea
k 
G
-c
od
e,
 t
he
 s
ta
nd
ar
d
 m
ac
hi
ne
 c
on
tr
ol
la
ng
ua
g
e 
in
 m
an
uf
ac
tu
rin
g
, j
us
t 
as
 t
he
 fi
rs
t 
d
es
kt
op
 la
se
r 
p
rin
te
rs
 s
p
ok
e 
Po
st
sc
rip
t,
 t
he
 s
am
e
la
ng
ua
g
e 
us
ed
 b
y 
p
ro
fe
ss
io
na
l p
rin
te
rs
.
So
 o
nc
e 
yo
u 
ha
ve
 a
 d
es
ig
n 
on
 y
ou
r 
co
m
p
ut
er
, y
ou
 c
an
 p
ro
to
ty
p
e 
a 
si
ng
le
 c
op
y 
on
 y
ou
r 
d
es
kt
op
fa
b
ric
at
or
—
or
 u
p
lo
ad
 it
 t
o 
a 
co
m
m
er
ci
al
 m
an
uf
ac
tu
rin
g
 s
er
vi
ce
 a
nd
 g
en
er
at
e 
th
ou
sa
nd
s.
Es
se
nt
ia
lly
, y
ou
 “
p
rin
t 
lo
ca
l”
 o
n 
yo
ur
 M
ak
er
B
ot
 a
nd
 “
p
rin
t 
g
lo
b
al
” 
w
ith
 c
lo
ud
 m
an
uf
ac
tu
rin
g
se
rv
ic
es
 r
an
g
in
g
 fr
om
 S
ha
p
ew
ay
s 
an
d
 P
on
ok
o 
to
 C
hi
ne
se
 m
as
s-
p
ro
d
uc
tio
n 
fa
ci
lit
ie
s 
fo
un
d
th
ro
ug
h 
A
lib
ab
a.
co
m
. M
od
er
n 
C
A
D
 s
of
tw
ar
e 
lik
e 
th
e 
fr
ee
 A
ut
od
es
k 
12
3D
 e
ve
n 
of
fe
rs
 w
iz
ar
d
s 
to
m
ak
e 
it 
si
m
p
le
 t
o 
g
o 
fr
om
 o
ne
 c
op
y 
to
 m
an
y.
 A
ll 
yo
u 
ha
ve
 t
o 
d
o 
is
 c
lic
k 
th
e 
rig
ht
 b
ut
to
ns
, e
nt
er
yo
ur
 c
re
d
it 
ca
rd
 n
um
b
er
, a
nd
 y
ou
’re
 in
 t
he
 m
an
uf
ac
tu
rin
g
 b
us
in
es
s.
 T
he
 s
er
vi
ce
s 
w
ill
 e
ve
n 
sh
ip
th
e 
fin
is
he
d
 g
oo
d
s 
d
ire
ct
ly
 t
o 
cu
st
om
er
s.
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E
v
e
r
y
t
h
in
g
 a
b
o
u
t
 t
he
 R
ep
lic
at
or
 2
—
ho
w
 it
’s
 d
es
ig
ne
d
, m
ad
e,
 a
nd
 s
ol
d
—
is
 g
ea
re
d
 t
o 
g
et
 it
in
to
 t
he
 h
om
es
 o
f o
rd
in
ar
y 
A
m
er
ic
an
s.
 S
ta
rt
 w
ith
 t
he
 p
rin
tin
g
 m
at
er
ia
l: 
Th
e 
en
tr
y 
le
ve
l R
ep
lic
at
or
2 
us
es
 a
n 
ec
of
rie
nd
ly
 b
io
p
la
st
ic
 c
al
le
d
 P
LA
 (p
ol
yl
ac
tic
 a
ci
d
), 
w
hi
ch
 c
an
 b
e 
m
ad
e 
fr
om
 c
or
ns
ta
rc
h.
U
nl
ik
e 
ot
he
r 
m
at
er
ia
ls
, P
LA
 d
oe
sn
’t 
sh
rin
k 
ve
ry
 m
uc
h 
w
he
n 
it 
co
ol
s,
 a
nd
 o
ve
ra
ll 
it 
re
q
ui
re
s 
th
e
m
ac
hi
ne
 t
o 
b
e 
le
ss
 fi
ne
-t
un
ed
. I
t’s
 a
ls
o 
co
m
p
os
ta
b
le
, a
nd
 a
s 
Pe
tt
is
 s
ay
s,
 it
 “
sm
el
ls
 li
ke
 w
af
fle
s”
w
he
n 
it 
p
rin
ts
. M
ak
er
B
ot
’s
 P
LA
 w
ill
 b
e 
av
ai
la
b
le
 o
n 
its
 w
eb
si
te
 fo
r 
as
 li
tt
le
 a
s 
$4
8 
p
er
 k
ilo
g
ra
m
,
en
ou
g
h 
m
at
er
ia
l t
o 
m
ak
e 
ne
ar
ly
 4
00
 c
he
ss
 p
ie
ce
s.
 (T
he
 R
ep
lic
at
or
 2
X
 is
 d
es
ig
ne
d
 t
o 
us
e 
A
B
S
p
la
st
ic
, t
he
 s
am
e 
m
at
er
ia
l t
ha
t 
Le
g
os
 a
re
 m
ad
e 
fr
om
—
it’
s 
al
so
 n
on
to
xi
c,
 b
ut
 u
se
rs
 s
ho
ul
d
 m
ak
e
su
re
 t
o 
ke
ep
 t
he
 r
oo
m
 w
el
l v
en
til
at
ed
 w
hi
le
 p
rin
tin
g
.)
M
ak
er
B
ot
 is
 a
ls
o 
ho
p
in
g
 t
o 
ra
d
ic
al
ly
 c
ut
 it
s 
d
el
iv
er
y 
tim
e 
to
 b
uy
er
s.
 P
re
vi
ou
s 
M
ak
er
B
ot
s 
w
er
e
es
se
nt
ia
lly
 m
an
uf
ac
tu
re
d
 o
nl
y 
af
te
r 
an
 o
rd
er
 w
as
 a
lre
ad
y 
in
 h
an
d
, m
ea
ni
ng
 t
ha
t 
si
x 
w
ee
ks
 o
r
m
or
e 
co
ul
d
 g
o 
b
y 
w
hi
le
 y
ou
 w
ai
te
d
 im
p
at
ie
nt
ly
 fo
r 
yo
ur
 m
ac
hi
ne
. T
ha
t’s
 t
he
 s
or
t 
of
 t
hi
ng
 t
ha
t
d
ev
ot
ed
 m
ak
er
s 
w
ill
 p
ut
 u
p
 w
ith
, b
ut
 it
 w
on
’t 
fly
 w
ith
 t
he
 g
en
er
al
 c
on
su
m
er
 m
ar
ke
t—
es
p
ec
ia
lly
ar
ou
nd
 t
he
 h
ol
id
ay
s,
 w
he
n 
p
eo
p
le
 w
an
t 
g
ift
s 
to
 a
rr
iv
e 
b
y 
th
e 
ap
p
oi
nt
ed
 d
ay
. F
or
 M
ak
er
B
ot
,
th
ou
g
h,
 t
hi
s 
m
ea
ns
 a
 n
ew
 le
ve
l o
f u
p
-f
ro
nt
 c
os
t 
b
ef
or
e 
th
e 
co
m
p
an
y 
re
al
iz
es
 a
ny
 s
al
es
. P
et
tis
’
g
oa
l i
s 
to
 h
av
e 
2,
10
0 
Re
p
lic
at
or
 2
s 
on
 h
an
d
 b
y 
th
e 
Se
p
te
m
b
er
 1
9 
re
le
as
e 
d
at
e,
 fa
r 
m
or
e 
th
an
 it
ha
s 
ev
er
 s
to
ck
ed
 o
f a
 p
re
vi
ou
s 
p
ro
d
uc
t.
Th
e 
co
m
p
an
y 
is
 m
ak
in
g
 a
n 
ev
en
 b
ig
g
er
 g
am
b
le
 o
n 
re
ta
il:
 It
’s
 o
p
en
in
g
 a
 s
to
re
 t
ha
t 
sa
m
e 
d
ay
 in
M
an
ha
tt
an
, o
n 
M
ul
b
er
ry
 S
tr
ee
t 
ju
st
 n
or
th
 o
f H
ou
st
on
. B
es
id
es
 s
el
lin
g
 t
he
 n
ew
 m
ac
hi
ne
s,
 t
he
st
or
e 
w
ill
 h
os
t 
a 
m
in
i m
an
uf
ac
tu
rin
g
 o
p
er
at
io
n 
so
 p
eo
p
le
 c
an
 s
ee
 o
b
je
ct
s 
b
ei
ng
 m
ad
e.
 “
Yo
u’
ll 
b
e
ab
le
 t
o 
b
uy
 M
ak
er
B
ot
te
d
 t
hi
ng
s 
in
 t
he
 s
to
re
 t
ha
t 
ha
ve
 b
ee
n 
m
ad
e 
rig
ht
 t
he
re
,”
 P
et
tis
 s
ay
s.
 “
I
ex
p
ec
t 
to
ur
 b
us
es
 t
o 
st
op
 b
y 
an
d
 k
id
s’
 fa
ce
s 
to
 b
e 
g
lu
ed
 t
o 
th
e 
w
in
d
ow
 d
is
p
la
ys
 a
s 
th
ey
 w
at
ch
p
ro
d
uc
ts
 g
et
tin
g
 m
an
uf
ac
tu
re
d
 b
ef
or
e 
th
ei
r 
ey
es
.”
A
ll 
of
 t
hi
s 
ad
d
s 
up
 t
o 
a 
ris
ky
 t
im
e 
fo
r 
M
ak
er
B
ot
, b
ut
 P
et
tis
 s
ee
s 
th
e 
d
em
on
st
ra
tio
n 
ef
fe
ct
 a
s 
ke
y:
Ju
st
 a
s 
w
ith
 t
he
 e
ar
ly
 P
C
s,
 t
he
 a
p
p
ea
l o
f t
he
 d
ev
ic
es
 c
an
’t 
q
ui
te
 b
e 
un
d
er
st
oo
d
 u
nt
il 
th
ey
’re
 s
ee
n
in
 a
ct
io
n.
 “
B
ef
or
e 
p
eo
p
le
 b
uy
 a
 M
ak
er
B
ot
, t
he
y 
th
in
k 
of
 a
ll 
th
e 
p
ra
ct
ic
al
 a
p
p
lic
at
io
ns
—
al
l t
he
st
uf
f t
he
y 
ca
n 
cr
os
s 
of
f t
he
ir 
‘h
on
ey
-d
o’
 li
st
, t
he
 t
hi
ng
s 
th
ey
 c
an
 fi
x 
ar
ou
nd
 t
he
 h
ou
se
”—
b
ro
ke
n
p
ar
ts
 o
n 
th
e 
b
ik
e 
or
 t
he
 d
is
hw
as
he
r,
 o
r 
a 
ne
w
 t
oo
th
b
ru
sh
 h
ol
d
er
 t
o 
fit
 a
 t
ig
ht
 s
p
ac
e.
 “
B
ut
 o
nc
e
th
ey
 h
av
e 
it,
” 
Pe
tt
is
 s
ay
s,
 “
th
ei
r 
m
in
d
 fl
ip
s 
a 
sw
itc
h.
 T
he
y 
st
ar
t 
p
rin
tin
g
 o
ut
 a
m
az
in
g
 t
hi
ng
s,
w
on
d
er
fu
l t
hi
ng
s.
”
Th
ey
 m
ak
e 
je
w
el
ry
, g
eo
m
et
ric
 b
ra
in
te
as
er
s,
 a
b
su
rd
is
t 
sc
ul
p
tu
re
s.
 T
he
ir 
ch
ild
re
n 
as
k 
fo
r 
w
ild
 t
oy
s,
an
d
 t
he
 u
se
rs
 c
an
 c
on
ju
re
 t
he
se
 u
p
 b
ef
or
e 
th
ei
r 
ey
es
, f
irs
t 
on
 a
 s
cr
ee
n 
an
d
 t
he
n 
in
 t
he
 r
ea
l w
or
ld
.
In
d
ee
d
, P
et
tis
 e
st
im
at
es
 t
ha
t 
w
he
n 
M
ak
er
B
ot
 fi
rs
t 
st
ar
te
d
, h
al
f o
f i
ts
 o
p
er
at
or
s 
w
er
e
p
ro
g
ra
m
m
er
s,
 b
ut
 n
ow
 h
e 
ha
s 
se
en
 a
 h
ug
e 
in
flu
x 
of
 p
ar
en
ts
.
Th
e 
ki
d
s 
th
em
se
lv
es
 a
re
 a
 g
iv
en
; a
s 
I’v
e 
le
ar
ne
d
 w
ith
 m
y 
ow
n 
ch
ild
re
n,
 t
he
y 
al
re
ad
y 
un
d
er
st
an
d
na
tiv
el
y 
ho
w
 t
o 
w
or
k 
w
ith
 3
-D
 g
eo
m
et
rie
s 
on
sc
re
en
, t
ha
nk
s 
to
 v
id
eo
g
am
es
. (
Yo
u 
m
ay
 n
ot
 t
hi
nk
of
 Ț
ħě
 Ș
įm
ș 
ǿř
 M
įň
ěč
řǻ
fț
 a
s 
C
A
D
 p
ro
g
ra
m
s,
 b
ut
 t
ha
t’s
 e
ss
en
tia
lly
 w
ha
t 
th
ey
 a
re
.) 
M
uc
h 
as
 t
he
fir
st
 g
en
er
at
io
n 
of
 s
of
tw
ar
e 
en
tr
ep
re
ne
ur
s 
w
er
e 
ki
d
s 
lik
e 
th
e 
yo
un
g
 B
ill
 G
at
es
, w
ho
 g
re
w
 u
p
 w
ith
th
e 
fir
st
 m
ac
hi
ne
s 
an
d
 in
tu
iti
ve
ly
 g
ra
sp
ed
 t
he
ir 
p
ot
en
tia
l, 
so
 t
he
 n
ex
t 
g
en
er
at
io
n 
of
 3
-D
-p
rin
tin
g
in
no
va
to
rs
 m
ay
 b
e 
ch
ild
re
n.
 H
ig
h 
sc
ho
ol
s 
w
ou
ld
 b
e 
sm
ar
t 
to
 b
rin
g
 b
ac
k 
sh
op
 c
la
ss
 b
ut
 r
en
am
e 
it
d
es
ig
n 
cl
as
s,
 a
 s
hi
ft
 t
ha
t 
re
al
ly
 w
ou
ld
 e
nt
ai
l j
us
t 
ad
d
in
g
 a
 fe
w
 M
ak
er
B
ot
s 
to
 t
he
 s
ch
oo
l’s
 e
xi
st
in
g
co
m
p
ut
er
 la
b
s.
 H
ow
 m
an
y 
st
ud
en
ts
 w
ou
ld
n’
t 
ra
th
er
 d
es
ig
n 
an
d
 p
rin
t 
re
al
 t
hi
ng
s 
th
an
 m
oc
k 
up
ye
t 
an
ot
he
r 
Po
w
er
Po
in
t 
p
re
se
nt
at
io
n?
B
ut
 b
rin
g
in
g
 a
n 
ea
sy
-t
o-
us
e,
 r
el
ia
b
le
 m
ac
hi
ne
 t
o 
m
ar
ke
t 
is
 n
ot
 e
no
ug
h.
 M
ak
er
B
ot
 m
us
t 
al
so
 fe
nd
of
f c
om
p
et
ito
rs
, f
ro
m
 t
he
 g
ia
nt
 3
-D
 S
ys
te
m
s—
w
ho
se
 C
ub
e 
3-
D
 p
rin
te
r 
is
 a
ls
o 
ta
rg
et
in
g
m
ai
ns
tr
ea
m
 u
se
rs
—
to
 C
hi
ne
se
 r
iv
al
s 
su
ch
 a
s 
PP
3D
P,
 w
hi
ch
 m
ak
es
 t
he
 U
p
! s
ys
te
m
. M
ak
er
B
ot
ho
p
es
 t
ha
t 
th
e 
hi
g
he
r 
re
so
lu
tio
n 
of
 t
he
 R
ep
lic
at
or
 2
 (1
00
 m
ic
ro
ns
, c
om
p
ar
ed
 w
ith
 t
he
 2
00
- 
to
25
0-
m
ic
ro
n 
re
so
lu
tio
n 
of
 t
he
 o
th
er
 lo
w
-p
ric
e 
co
m
p
et
ito
rs
) a
nd
 it
s 
ab
ili
ty
 t
o 
p
rin
t 
si
za
b
le
 o
b
je
ct
s
w
ill
 m
ak
e 
it 
th
e 
w
in
ni
ng
 c
ho
ic
e 
in
 t
he
 $
1,
00
0-
to
-$
2,
50
0 
p
ric
e 
ra
ng
e.
Th
en
 t
he
re
 a
re
 a
ls
o 
th
e 
sl
ee
p
in
g
 g
ia
nt
s:
 H
P,
 E
p
so
n,
 a
nd
 o
th
er
 2
-D
 p
rin
tin
g
 t
ita
ns
. S
o 
fa
r 
th
ey
’v
e
b
ee
n 
co
nt
en
t 
to
 e
ith
er
 li
ce
ns
e 
te
ch
no
lo
g
y 
or
 fo
cu
s 
ju
st
 o
n 
hi
g
h-
en
d
 p
ro
fe
ss
io
na
l p
rin
te
rs
. B
ut
ho
w
 m
uc
h 
lo
ng
er
 u
nt
il 
co
ns
um
er
 3
-D
 v
ol
um
e 
b
ec
om
es
 g
re
at
 e
no
ug
h 
th
at
 t
he
se
 g
ia
nt
s 
aw
ak
e?
A
sk
 P
et
tis
 a
nd
 h
is
 r
es
p
on
se
 is
 c
on
fid
en
t:
 “
B
y 
th
at
 t
im
e,
 w
e’
ll 
al
re
ad
y 
b
e 
w
ay
 a
he
ad
 o
f t
he
m
.”
B
y
 a
ll
 e
v
id
e
n
c
e
, 3
-D
 p
rin
tin
g
 h
as
 r
ea
ch
ed
 it
s 
in
fle
ct
io
n 
p
oi
nt
, w
he
n 
it 
m
ov
es
 fr
om
 t
he
so
p
hi
st
ic
at
ed
 e
ar
ly
 a
d
op
te
rs
 t
o 
p
eo
p
le
 w
ho
 ju
st
 w
an
t 
to
 p
rin
t 
so
m
et
hi
ng
 c
oo
l. 
So
on
, p
ro
b
ab
ly
 in
th
e 
ne
xt
 fe
w
 y
ea
rs
, t
he
 m
ar
ke
t 
w
ill
 b
e 
re
ad
y 
fo
r 
a 
m
ai
ns
tr
ea
m
 3
-D
 p
rin
te
r 
so
ld
 b
y 
th
e 
m
ill
io
ns
 a
t
W
al
m
ar
t 
an
d
 C
os
tc
o.
 A
t 
th
at
 p
oi
nt
, t
he
 in
cr
ed
ib
le
 e
co
no
m
ie
s 
of
 s
ca
le
 t
ha
t 
an
 H
P 
or
 E
p
so
n 
ca
n
b
rin
g
 t
o 
b
ea
r 
w
ill
 k
ic
k 
in
. A
 3
-D
 p
rin
te
r 
w
ill
 c
os
t 
$9
9,
 a
nd
 e
ve
ry
on
e 
w
ill
 b
e 
ab
le
 t
o 
b
uy
 o
ne
.
Th
at
 d
oe
sn
’t 
m
ea
n 
w
e’
ll 
3-
D
 p
rin
t 
ev
er
yt
hi
ng
. T
he
 b
ig
 w
in
 o
f t
he
 d
ig
ita
l-m
an
uf
ac
tu
rin
g
 a
g
e 
is
th
at
 w
e 
ca
n 
ha
ve
 o
ur
 c
ho
ic
e 
b
et
w
ee
n 
m
as
s 
p
ro
d
uc
tio
n 
an
d
 c
us
to
m
iz
at
io
n.
 J
us
t 
b
ec
au
se
 y
ou
 c
an
m
ak
e 
a 
m
ill
io
n 
ru
b
b
er
 d
uc
ki
es
 in
 y
ou
r 
g
ar
ag
e 
d
oe
sn
’t 
m
ea
n 
yo
u 
sh
ou
ld
: M
ad
e 
on
 a
 3
-D
 p
rin
te
r,
th
e 
fir
st
 d
uc
ky
 m
ig
ht
 r
un
 y
ou
 ju
st
 $
20
, b
ut
 s
ad
ly
 s
o 
w
ill
 t
he
 m
ill
io
nt
h—
th
er
e 
is
 n
o 
ec
on
om
y 
of
sc
al
e.
 If
 y
ou
 in
je
ct
io
n-
m
ol
d
 y
ou
r 
d
uc
ks
 in
 a
 fa
ct
or
y,
 t
ho
ug
h,
 t
he
 o
ld
 fa
sh
io
ne
d
 w
ay
, t
he
 fi
rs
t 
m
ay
co
st
 $
10
,0
00
—
fo
r 
to
ol
in
g
 t
he
 m
ol
d
—
b
ut
 e
ve
ry
 o
ne
 a
ft
er
 t
ha
t 
am
or
tiz
es
 t
he
 in
iti
al
 o
ut
la
y.
 B
y 
th
e
Coetzee 84
tim
e 
yo
u’
ve
 m
ad
e 
a 
m
ill
io
n,
 t
he
y 
co
st
 ju
st
 p
en
ni
es
 a
p
ie
ce
 fo
r 
th
e 
ra
w
 m
at
er
ia
l. 
Fo
r 
sm
al
l b
at
ch
es
of
 a
 fe
w
 h
un
d
re
d
 d
uc
ki
es
, d
ig
ita
l f
ab
ric
at
io
n 
no
w
 w
in
s.
 F
or
 b
ig
 b
at
ch
es
, t
he
 o
ld
 a
na
lo
g
 w
ay
 is
st
ill
 b
es
t.
B
ut
 t
hi
nk
 a
b
ou
t 
ho
w
 m
an
y 
p
ro
d
uc
ts
 a
ct
ua
lly
 m
ak
e 
m
or
e 
se
ns
e 
in
 b
at
ch
es
 o
f h
un
d
re
d
s,
 n
ot
m
ill
io
ns
. F
or
 t
hi
s 
Lo
ng
 T
ai
l o
f T
hi
ng
s,
 t
he
 o
nl
y 
op
tio
n 
a 
fe
w
 d
ec
ad
es
 a
g
o 
w
as
 h
an
d
cr
af
tin
g
.
To
d
ay
 d
ig
ita
l f
ab
ric
at
or
s 
ca
n 
b
rin
g
 a
ut
om
at
ed
 p
ro
ce
ss
es
 a
nd
 n
ea
r-
p
er
fe
ct
 q
ua
lit
y 
to
 t
he
 s
m
al
le
st
b
at
ch
es
.
D
ig
ita
l f
ab
ric
at
io
n 
al
so
 t
ak
es
 t
he
 e
xp
en
si
ve
 p
ar
ts
 o
f t
ra
d
iti
on
al
 m
an
uf
ac
tu
rin
g
 a
nd
 m
ak
es
 t
he
m
ch
ea
p
. I
n 
m
as
s 
p
ro
d
uc
tio
n,
 t
he
 m
or
e 
co
m
p
lic
at
ed
 a
 p
ro
d
uc
t 
is
 a
nd
 t
he
 m
or
e 
ch
an
g
es
 y
ou
 m
ak
e,
th
e 
m
or
e 
it 
co
st
s.
 B
ut
 w
ith
 d
ig
ita
l f
ab
ric
at
io
n,
 it
’s
 t
he
 r
ev
er
se
: T
he
 t
ra
its
 t
ha
t 
ar
e 
ex
p
en
si
ve
 in
tr
ad
iti
on
al
 m
an
uf
ac
tu
rin
g
 b
ec
om
e 
fr
ee
. C
on
si
d
er
:
V
ǻř
įě
țỳ
 įș
 fř
ěě
: I
t 
co
st
s 
no
 m
or
e 
to
 m
ak
e 
ev
er
y 
p
ro
d
uc
t 
d
iff
er
en
t 
th
an
 t
o 
m
ak
e 
th
em
 a
ll 
th
e
sa
m
e.
Č
ǿm
pŀ
ěx
įț
ỳ 
įș
 fř
ěě
: A
 m
in
ut
el
y 
d
et
ai
le
d
 p
ro
d
uc
t,
 w
ith
 m
an
y 
fid
d
ly
 li
tt
le
 c
om
p
on
en
ts
, c
an
 b
e 
3-
D
 p
rin
te
d
 a
s 
ch
ea
p
ly
 a
s 
a 
p
la
in
 b
lo
ck
 o
f p
la
st
ic
.
Fŀ
ěx
įb
įŀ
įț
ỳ 
įș
 fř
ěě
: C
ha
ng
in
g
 a
 p
ro
d
uc
t 
af
te
r 
p
ro
d
uc
tio
n 
ha
s 
st
ar
te
d
 m
ea
ns
 ju
st
 c
ha
ng
in
g
 t
he
in
st
ru
ct
io
n 
co
d
e.
W
he
n 
Șț
ǻř
 Ț
řě
ķ 
ca
p
ta
in
 J
ea
n-
Lu
c 
Pi
ca
rd
 w
an
te
d
 a
 h
ot
 b
ev
er
ag
e,
 h
e’
d
 s
im
p
ly
 t
el
l t
he
Ě
ňț
ěř
př
įș
ě 
Re
p
lic
at
or
 t
o 
m
ak
e 
“T
ea
. E
ar
l G
ra
y.
 H
ot
.”
 It
’s
 n
o 
co
in
ci
d
en
ce
 t
ha
t 
M
ak
er
B
ot
 c
ho
se
th
e 
sa
m
e 
na
m
e.
 T
he
 t
ea
 it
se
lf 
is
 s
til
l a
 w
ay
s 
of
f, 
b
ut
 t
he
 c
up
? 
Yo
u 
ca
n 
m
ak
e 
it 
to
d
ay
.
Č
ħř
įș
 Ǻ
ňđ
ěř
șǿ
ň 
(@
ch
r1
sa
) i
s 
ěđ
įț
ǿř
 įň
 č
ħį
ěf
 ǿ
f 
W
ire
d
. Ț
ħį
ș 
ǻř
țį
čŀ
ě 
įș
 ǻ
đǻ
pț
ěđ
 fř
ǿm
 M
ak
er
s:
Th
e 
N
ew
 In
d
us
tr
ia
l R
ev
ol
ut
io
n,
 c
op
yr
ig
ht
 ©
 Č
ħř
įș
 Ǻ
ňđ
ěř
șǿ
ň,
 ț
ǿ 
bě
 p
ųb
ŀį
șħ
ěđ
 b
ỳ 
Č
řǿ
ẅ
ň
B
ųș
įň
ěș
ș,
 ǻ
 đ
įv
įș
įǿ
ň 
ǿf
 Ř
ǻň
đǿ
m
 Ħ
ǿų
șě
, İ
ňč
., 
įň
 Ǿ
čț
ǿb
ěř
.
#
2
0
.1
0
#
3
-D
 P
R
IN
T
IN
G
#
3
D
 P
R
IN
T
E
R
#
3
D
 P
R
IN
T
IN
G
#
B
R
E
 P
E
T
T
IS
#
M
A
K
E
R
B
O
T
#
S
O
F
T
W
A
R
E
#
T
H
IN
G
IV
E
R
S
E
V
IE
W
 C
O
M
M
E
N
T
S
Coetzee 85
Fi
gu
re
6:
“S
m
it
hs
on
ia
n
M
ag
az
in
e”
A
rt
ic
le
SU
BS
CR
IB
E
­
 
ŧ
 Õ
 
¬
 
Ø
 
â
 
 
S
U
B
S
C
R
IB
E
R
E
N
E
W
G
IV
E
 A
 G
IF
T
 

se
ar
ch
B
y
 E
li
za
b
e
th
 R
o
y
te
S
M
IT
H
S
O
N
IA
N
 M
A
G
A
Z
IN
E
 |
 S
U
B
S
C
R
IB
E
 
M
A
Y
 2
0
1
3 WWha
t L
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 Ah
ea
d f
or
 3-
D
Pr
int
ing
?
T
h
e 
n
ew
 t
ec
h
n
o
lo
gy
 p
ro
m
is
es
 a
 f
ac
to
ry
 in
 e
ve
ry
 h
o
m
e—
an
d
 a
 w
h
o
le
 lo
t 
m
o
re
T
h
e
 W
a
k
e
 F
o
re
st
 I
n
st
it
u
te
 f
o
r 
R
e
g
e
n
e
ra
ti
v
e
 M
e
d
ic
in
e
 p
ri
n
ts
 e
a
r,
 n
o
se
 a
n
d
 b
o
n
e
 s
c
a
 
o
ld
s
th
a
t 
c
a
n
 b
e
 c
o
a
te
d
 w
it
h
 c
e
ll
s 
to
 g
ro
w
 b
o
d
y
 p
a
rt
s.
 (
L
a
u
ri
e
 R
u
b
in
)
an
de
ri
ng
 th
e 
br
ig
ht
ly
 li
t h
al
ls
 o
f t
he
 3
D
 S
ys
te
m
s’
 p
la
nt
 in
 R
oc
k 
H
ill
, S
ou
th
C
ar
ol
in
a,
 I
 g
az
e 
up
on
 o
bj
ec
ts
 s
tr
an
ge
 a
nd
 w
on
dr
ou
s.
 A
 fu
lly
 fu
nc
ti
on
in
g
gu
it
ar
 m
ad
e 
of
 n
yl
on
. A
 p
ha
la
nx
 o
f m
an
di
bl
es
 s
tu
dd
ed
 w
it
h 
at
ro
ci
ou
s-
lo
ok
in
g 
te
et
h.
 T
he
 s
ke
le
to
n 
of
 a
 w
ha
le
. A
 fi
ve
-c
ol
or
, f
ul
l-
sc
al
e 
pr
ot
ot
yp
e 
of
 a
hi
gh
-h
ee
le
d 
sh
oe
. T
oy
 r
ob
ot
s.
 A
nd
 w
ha
t a
pp
ea
rs
 to
 b
e 
th
e 
fa
ce
 o
f a
 h
um
an
fe
tu
s.
 “
T
ha
t w
as
 m
ad
e 
fr
om
 a
n 
ul
tr
as
ou
nd
 im
ag
e,
” 
C
at
hy
 L
ew
is
, t
he
co
m
pa
ny
’s
 c
hi
ef
 m
ar
ke
ti
ng
 o
ff
ic
er
, t
el
ls
 m
e,
 s
hr
ug
gi
ng
.

T
hi
s 
co
lle
ct
io
n 
of
 o
bj
ec
ts
 s
ha
re
s 
on
e 
fe
at
ur
e:
 A
ll 
w
er
e 
“p
ri
nt
ed
” 
by
 m
ac
hi
ne
s 
th
at
,
fo
llo
w
in
g 
in
st
ru
ct
io
ns
 fr
om
 d
ig
it
al
 fi
le
s,
 jo
in
 to
ge
th
er
 la
ye
r 
up
on
 la
ye
r 
of
 m
at
er
ia
l—
w
he
th
er
 m
et
al
s,
 c
er
am
ic
s 
or
 p
la
st
ic
s—
un
ti
l t
he
 o
bj
ec
t’s
 d
is
ti
nc
ti
ve
 s
ha
pe
 is
 r
ea
liz
ed
. T
he
pr
oc
es
s 
is
 c
al
le
d 
3-
D
 p
ri
nt
in
g 
(o
r 
ad
di
ti
ve
 m
an
uf
ac
tu
ri
ng
, i
n 
in
du
st
ri
al
 p
ar
la
nc
e)
 a
nd
 if
yo
u 
ha
ve
n’
t h
ea
rd
 o
f i
t b
y 
no
w
, y
ou
 h
av
en
’t 
be
en
 p
ay
in
g 
en
ou
gh
 a
tt
en
ti
on
 to
 s
co
re
s 
of
br
ea
th
le
ss
 n
ew
s 
st
or
ie
s 
an
d 
te
ch
no
lo
gy
 b
lo
gs
—
or
 to
 P
re
si
de
nt
 B
ar
ac
k 
O
ba
m
a,
 w
ho
de
cl
ar
ed
 in
 h
is
 m
os
t r
ec
en
t S
ta
te
 o
f t
he
 U
ni
on
 a
dd
re
ss
 th
at
 3
-D
 p
ri
nt
in
g 
“h
as
 th
e
po
te
nt
ia
l t
o 
re
vo
lu
ti
on
iz
e 
th
e 
w
ay
 w
e 
m
ak
e 
al
m
os
t a
ny
th
in
g.
”
W
hi
le
 m
an
y 
pe
op
le
 o
nl
y 
no
w
 a
re
 h
ea
ri
ng
 a
bo
ut
 th
e 
te
ch
no
lo
gy
, e
ng
in
ee
rs
 a
nd
 d
es
ig
ne
rs
ha
ve
 b
ee
n 
us
in
g 
la
rg
e 
an
d 
ex
pe
ns
iv
e 
3-
D
 p
ri
nt
er
s 
fo
r 
ne
ar
ly
 th
re
e 
de
ca
de
s,
 m
ak
in
g 
ra
pi
d
pr
ot
ot
yp
es
 o
f p
ar
ts
 fo
r 
ae
ro
sp
ac
e,
 d
ef
en
se
 a
nd
 a
ut
om
ot
iv
e 
co
m
pa
ni
es
. O
ve
r 
th
e 
ye
ar
s,
ho
w
ev
er
, d
ig
it
al
 d
es
ig
n 
so
ft
w
ar
e 
ha
s 
m
at
ur
ed
, s
ca
nn
er
s 
ha
ve
 b
ec
om
e 
ub
iq
ui
to
us
 a
nd
af
fo
rd
ab
le
 d
es
kt
op
 p
ri
nt
er
s 
ha
ve
 c
om
e 
w
it
hi
n 
re
ac
h 
of
 s
el
f-
st
ar
ti
ng
 e
nt
re
pr
en
eu
rs
,
sc
ho
ol
s 
an
d 
ho
m
e 
ti
nk
er
er
s.
 T
ec
hn
ol
og
is
ts
 b
oi
st
er
ou
sl
y 
pr
oc
la
im
 th
at
 3
-D
 p
ri
nt
in
g 
w
ill
de
m
oc
ra
ti
ze
 d
es
ig
n 
an
d 
fr
ee
 u
s 
fr
om
 th
e 
he
 ge
m
on
y 
of
 m
as
s 
m
an
uf
ac
tu
ri
ng
.
B
ut
 ju
st
 b
ec
au
se
 a
ny
bo
dy
’s
 id
ea
s 
ca
n
 ta
ke
 s
ha
pe
 d
oe
sn
’t 
ne
ce
ss
ar
ily
 m
ea
n 
th
ey
 s
ho
ul
d—
a 
no
ti
on
 th
at
 s
tr
uc
k 
m
e 
in
 3
D
 S
ys
te
m
s’
 lo
bb
y,
 w
he
re
 I
 s
aw
 s
he
lf
 a
ft
er
 s
he
lf
 o
f w
ha
t s
om
e
pe
op
le
 tr
y 
ve
ry
 h
ar
d 
no
t t
o 
de
sc
ri
be
 a
s 
ch
ea
p 
pl
as
ti
c 
cr
ap
: b
ri
gh
tl
y 
co
lo
re
d 
m
in
ia
tu
re
va
se
s,
 p
ho
ne
 c
as
es
, j
ew
el
ry
, d
ol
ls
 a
nd
, i
ne
vi
ta
bl
y,
 s
ku
lls
. (
O
n 
ju
st
 o
ne
 3
-D
 fi
le
-s
ha
ri
ng
si
te
, I
 fo
un
d 
10
1 
de
si
gn
s 
fo
r 
sk
ul
l r
in
gs
 a
nd
 p
en
da
nt
s.
) 
T
he
 c
re
at
or
 o
f t
he
se
 lo
bb
y
tc
ho
tc
hk
es
? 
T
he
 C
ub
e,
 m
an
uf
ac
tu
re
d 
by
 3
D
 S
ys
te
m
s.
“T
hi
s 
is
 o
ur
 c
on
su
m
er
 s
tr
at
eg
y,
” 
L
ew
is
 e
xp
la
in
s 
to
 m
e,
 p
oi
nt
in
g 
to
w
ar
d 
a 
gr
ou
p 
of
 p
in
k,
tu
rq
uo
is
e 
an
d 
lim
e-
gr
ee
n 
pr
in
te
rs
. T
he
 C
ub
es
 a
re
 th
e 
si
ze
 o
f a
 M
r.
 C
of
fe
e 
m
ac
hi
ne
, s
hi
ny
an
d 
sm
oo
th
, a
nd
 h
av
e 
an
 o
n-
of
f s
w
it
ch
, a
 p
or
t f
or
 a
 th
um
b 
dr
iv
e 
an
d 
a 
pr
ic
e 
ta
g 
of
$
1,
29
9.
 C
ub
es
 c
re
at
e 
ob
je
ct
s 
th
ro
ug
h 
a 
m
at
er
ia
l e
xt
ru
si
on
 p
ro
ce
ss
, i
n 
w
hi
ch
 a
 p
ri
nt
 h
ea
d
de
po
si
ts
 a
nd
 s
ta
ck
s 
th
in
 la
ye
rs
 o
f m
ol
te
n 
pl
as
ti
c 
on
to
 a
 p
la
tf
or
m
. T
he
 p
ro
ce
ss
 b
eg
in
s
w
he
n 
us
er
s 
lo
ad
 th
ei
r 
di
gi
ta
l d
es
ig
n 
in
to
 th
e 
C
ub
e,
 w
ho
se
 s
of
tw
ar
e 
he
lp
s 
th
em
 s
ca
le
th
ei
r 
m
od
el
 u
p 
or
 d
ow
n 
an
d 
au
to
m
at
ic
al
ly
 a
dd
s 
su
pp
or
t s
tr
uc
tu
re
s 
if
 th
ey
’r
e 
ne
ed
ed
.
(S
up
po
rt
s 
ar
e 
m
ad
e 
of
 th
e 
sa
m
e 
pl
as
ti
c 
as
 th
e 
m
ac
hi
ne
 p
ri
nt
s,
 a
nd
 th
ey
 p
op
 o
ff
.)
 T
he
n
th
e 
C
ub
e 
“s
lic
es
” 
th
e 
di
gi
ta
l o
bj
ec
t i
nt
o 
m
ic
ro
ns
-t
hi
ck
 h
or
iz
on
ta
l l
ay
er
s,
 c
re
at
in
g 
a
bl
ue
pr
in
t t
ha
t t
he
 p
ri
nt
 h
ea
d 
w
ill
 fo
llo
w
, m
ov
in
g 
on
 x
 a
nd
 y
 a
xe
s.
T
he
 C
ub
e 
ca
n 
cr
ea
te
 o
bj
ec
ts
 in
 1
6 
di
ff
er
en
t c
ol
or
s,
 b
ut
 it
 c
an
 p
ri
nt
 o
nl
y 
on
e 
co
lo
r 
at
 a
ti
m
e 
(n
o 
ca
rt
ri
dg
e 
sw
it
ch
in
g 
m
id
-p
ri
nt
).
 T
o 
m
ak
e 
a 
to
y 
ro
bo
t o
r 
a 
sk
ul
l r
in
g 
in
 m
or
e
th
an
 o
ne
 c
ol
or
 d
ur
in
g 
a 
si
ng
le
 p
ri
nt
ou
t,
 y
ou
’ll
 n
ee
d 
a 
C
ub
eX
 D
uo
, w
hi
ch
 c
os
ts
 m
or
e 
th
an
tw
ic
e 
as
 m
uc
h 
bu
t h
as
 tw
o 
pr
in
t c
ar
tr
id
ge
s 
th
at
 a
ut
om
at
ic
al
ly
 tu
rn
 c
ol
or
s 
of
f a
nd
 o
n—
a
gr
ea
t l
ea
p 
fo
rw
ar
d 
in
 th
e 
ey
es
 o
f d
es
kt
op
 p
ri
nt
in
g 
af
ic
io
na
do
s.
P
er
ha
ps
 s
en
si
ng
 m
y 
am
bi
va
le
nc
e 
to
w
ar
d 
th
is
 d
ev
ic
e,
 L
ew
is
 le
ad
s 
m
e 
in
to
 a
 g
la
ss
-w
al
le
d
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P
er
ha
ps
 s
en
si
ng
 m
y 
am
bi
va
le
nc
e 
to
w
ar
d 
th
is
 d
ev
ic
e,
 L
ew
is
 le
ad
s 
m
e 
in
to
 a
 g
la
ss
-w
al
le
d
m
an
uf
ac
tu
ri
ng
 r
oo
m
 to
 s
ee
 th
e 
co
m
pa
ny
’s
 b
ig
 g
un
s:
 a
 b
ra
ce
 o
f r
ef
ri
ge
ra
to
r-
si
ze
m
ac
hi
ne
s 
fr
on
te
d 
w
it
h 
sm
al
l w
in
do
w
s 
an
d 
su
rr
ou
nd
ed
 b
y 
m
on
it
or
s,
 k
ey
pa
ds
 a
nd
 C
P
U
s.
E
le
ct
ri
ca
l c
ab
le
s 
sn
ak
e 
ov
er
he
ad
, S
ho
p-
V
ac
s 
ar
e 
ub
iq
ui
to
us
 a
nd
 th
e 
fl
oo
r 
is
 s
lip
pe
ry
 w
it
h
po
w
de
re
d 
ny
lo
n.
 S
qu
in
ti
ng
 a
nd
 s
hi
el
di
ng
 m
y 
ey
es
 fr
om
 g
la
re
, I
 s
ta
re
 th
ro
ug
h 
th
e 
sm
al
l
w
in
do
w
 o
f a
 s
te
re
o l
it
ho
gr
ap
hy
 m
ac
hi
ne
, i
n 
w
hi
ch
 a
 v
at
 fi
lle
d 
w
it
h 
a 
ph
ot
os
en
si
ti
ve
po
ly
m
er
 is
 r
ep
ea
te
dl
y 
bl
as
te
d 
by
 a
 la
se
r,
 tr
ig
ge
ri
ng
 a
 c
he
m
ic
al
 r
ea
ct
io
n 
th
at
 c
au
se
s 
a 
th
in
la
ye
r 
of
 th
e 
vi
sc
ou
s 
da
rk
 b
lu
e 
liq
ui
d 
to
 h
ar
de
n.
 S
ec
on
ds
 p
as
s,
 h
or
iz
on
ta
l l
ig
ht
ni
ng
fl
as
he
s 
an
d 
a 
w
ip
er
 d
is
tr
ib
ut
es
 a
no
th
er
 la
ye
r 
of
 th
e 
re
si
n.
E
ac
h 
la
ye
r 
is
 5
0
 m
ic
ro
ns
 th
ic
k,
 w
hi
ch
 is
 e
qu
al
 to
 o
ne
-t
w
en
ti
et
h 
of
 a
 m
ill
im
et
er
. (
T
he
th
in
ne
r 
th
e 
la
ye
rs
, t
he
 fi
ne
r 
th
e 
re
so
lu
ti
on
 a
nd
 th
e 
cr
is
pe
r 
th
e 
de
ta
ils
.)
 T
he
 fi
ni
sh
ed
ob
je
ct
 r
is
es
 w
hi
le
 it
s 
bu
ild
 b
ed
, o
r 
pl
at
fo
rm
, s
in
ks
. W
ha
t w
as
 th
is
 p
ri
nt
er
—
w
hi
ch
 c
os
ts
$
17
0
,0
0
0
—
pr
od
uc
in
g?
 L
ew
is
 c
on
su
lt
s 
a 
m
on
it
or
 a
nd
 s
ur
m
is
es
 it
’s
 je
w
el
ry
, a
 r
in
g 
of
in
tr
ic
at
e 
de
si
gn
. I
 n
ot
e 
th
at
 it
’s
 a
 lo
t o
f m
ac
hi
ne
 to
 m
ak
e 
a 
ba
ub
le
, b
ut
 L
ew
is
 a
ss
ur
es
 m
e
th
at
 te
ch
ni
ci
an
s 
us
ua
lly
 b
ui
ld
 m
or
e 
th
an
 o
ne
 b
au
bl
e 
at
 a
 ti
m
e.
Sh
e 
sh
ow
s 
m
e 
an
ot
he
r 
w
in
do
w
ed
 m
ac
hi
ne
. T
hi
s 
ti
m
e 
th
e 
va
t i
s 
fi
lle
d 
no
t w
it
h 
da
rk
 b
lu
e
liq
ui
d 
bu
t w
hi
te
 p
ow
de
re
d 
ny
lo
n.
 A
 w
ip
er
 s
m
oo
th
es
 th
e 
va
t’s
 s
ur
fa
ce
, u
po
n 
w
hi
ch
 a
 la
se
r
lig
ht
ly
 e
tc
he
s 
th
e 
ou
tl
in
es
 o
f f
ou
r 
ri
ng
s 
an
d 
a 
m
in
ia
tu
re
 b
oo
m
er
an
g 
by
 fu
si
ng
 to
ge
th
er
th
e 
po
w
de
re
d 
m
at
er
ia
l (
a 
pr
oc
es
s 
kn
ow
n 
as
 s
in
te
ri
ng
).
 T
he
 w
ip
er
 s
w
ip
es
 a
ga
in
, e
ra
si
ng
th
e 
sh
ap
es
, t
he
 la
se
r 
fl
as
he
s,
 a
nd
 a
no
th
er
 la
ye
r 
of
 r
in
gs
 a
nd
 a
 b
oo
m
er
an
g 
is
 s
in
te
re
d.
T
he
 m
on
it
or
 te
lls
 u
s 
th
is
 p
ro
je
ct
 is
 fo
ur
 in
ch
es
 h
ig
h 
af
te
r 
26
 h
ou
rs
 o
f s
in
te
ri
ng
, w
it
h
m
an
y 
ho
ur
s 
to
 g
o.
 T
he
 “
re
ve
al
” 
w
on
’t 
co
m
e 
un
ti
l t
he
 e
xc
es
s 
po
w
de
r 
is
 e
xc
av
at
ed
 a
nd
 th
e
pr
od
uc
t e
xh
um
ed
. I
t m
ig
ht
 b
e 
a 
dr
on
e,
 it
 m
ig
ht
 b
e 
a 
ca
st
 fo
r 
an
 e
ng
in
e 
bl
oc
k.
 L
ew
is
 c
an
’t
sa
y 
(i
t’s
 d
ef
in
it
el
y 
no
t a
 b
oo
m
er
an
g)
. B
ut
 s
he
 k
no
w
s 
th
is
 p
ar
t w
ill
 b
e 
as
 d
ur
ab
le
 a
s
w
ha
te
ve
r 
tr
ad
it
io
na
lly
 m
an
uf
ac
tu
re
d 
pa
rt
 it
’s
 r
ep
la
ci
ng
.
M
y 
to
ur
 e
nd
s 
w
he
re
 it
 b
eg
an
, a
m
on
g 
th
e 
pl
as
ti
c 
ro
bo
ts
 a
nd
 p
ho
ne
 c
as
es
. I
n 
tw
o 
ho
ur
s,
th
e 
hi
st
or
y 
of
 a
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 h
as
 p
as
se
d 
be
fo
re
 m
y 
ey
es
, s
ta
rt
in
g 
w
it
h 
te
ch
ni
ca
l
ap
pl
ic
at
io
ns
 a
nd
 e
nd
in
g 
in
 h
om
es
 a
nd
 o
ff
ic
es
—
no
t u
nl
ik
e 
th
e 
tr
aj
ec
to
ry
 o
f c
om
pu
te
rs
an
d 
la
se
r 
pr
in
te
rs
. W
it
h 
th
e 
ab
ili
ty
 to
 r
ep
lic
at
e 
or
 c
re
at
e 
su
ch
 o
bj
ec
ts
 o
n 
de
m
an
d,
 s
ay
s
D
al
e 
D
ou
gh
er
ty
, p
ub
lis
he
r 
of
 M
a
ke
 m
ag
az
in
e—
pa
rt
 o
f t
he
 b
ur
ge
on
in
g 
D
IY
 “
M
ak
er
M
ov
em
en
t”
 th
at
 p
ri
vi
le
ge
s 
cu
st
om
iz
at
io
n 
ov
er
 c
om
m
od
it
ie
s—
th
e 
3-
D
 p
ri
nt
er
 is
 “
W
al
-
M
ar
t i
n 
th
e 
pa
lm
 o
f y
ou
r 
ha
nd
.”
**
*
T
ha
t n
ot
io
n 
m
ay
 th
ri
ll 
or
 h
or
ri
fy
 y
ou
, b
ut
 th
e 
bu
si
ne
ss
 m
od
el
—
on
-d
em
an
d 
pr
in
ti
ng
 o
f
cu
st
om
iz
ed
 p
ro
du
ct
s—
ha
s 
si
gn
if
ic
an
t a
dv
an
ta
ge
s 
ov
er
 tr
ad
it
io
na
l r
et
ai
lin
g 
m
od
el
s.
 I
f
yo
u 
ca
n 
qu
ic
kl
y 
an
d 
ch
ea
pl
y 
re
pl
ac
e 
a 
br
ok
en
 c
ab
in
et
 h
an
dl
e 
by
 p
ri
nt
in
g 
it
 a
t h
om
e 
(o
r
sc
an
ni
ng
 w
ha
t y
ou
 w
an
t a
nd
 e
-m
ai
lin
g 
th
os
e 
sp
ec
s 
to
 a
 p
ri
nt
 s
ho
p)
, y
ou
 n
ee
dn
’t 
tr
av
el
 to
a 
st
or
e 
an
d 
st
or
es
 n
ee
dn
’t 
ke
ep
 m
ill
io
ns
 o
f e
ve
ry
th
in
g 
on
 h
an
d.
 S
ho
e 
de
si
gn
s 
co
ul
d 
be
en
co
de
d 
as
 d
ig
it
al
 te
m
pl
at
es
 th
at
 c
ou
ld
 b
e 
m
an
ip
ul
at
ed
 a
nd
 p
ri
nt
ed
 to
 p
er
fe
ct
ly
 fi
t a
ny
en
co
de
d 
as
 d
ig
it
al
 te
m
pl
at
es
 th
at
 c
ou
ld
 b
e 
m
an
ip
ul
at
ed
 a
nd
 p
ri
nt
ed
 to
 p
er
fe
ct
ly
 fi
t a
ny
cu
st
om
er
’s
 fe
et
. I
nv
en
to
ri
es
 w
ou
ld
 s
hr
in
k,
 a
lo
ng
 w
it
h 
tr
an
sp
or
ta
ti
on
, h
an
dl
in
g 
an
d
st
or
ag
e 
co
st
s.
 (
R
et
ai
l s
ho
ps
 m
ig
ht
 e
ve
n 
di
sa
pp
ea
r 
if
 o
rd
er
s 
ca
n 
be
 fu
lf
ill
ed
 d
ir
ec
tl
y 
by
m
an
uf
ac
tu
re
rs
 w
ho
 d
el
iv
er
 to
 th
ei
r 
cu
st
om
er
s’
 h
om
es
.)
 A
nd
 if
 s
up
pl
y 
lin
es
 a
re
 le
ss
de
pe
nd
en
t u
po
n 
m
an
uf
ac
tu
ri
ng
 c
en
te
rs
 a
br
oa
d,
 th
ey
’r
e 
al
so
 le
ss
 v
ul
ne
ra
bl
e 
to
in
te
rr
up
ti
on
.
In
 c
on
ve
nt
io
na
l m
an
uf
ac
tu
ri
ng
, e
ve
ry
 in
cr
ea
se
 in
 d
es
ig
n 
co
m
pl
ex
it
y 
co
st
s 
m
on
ey
 a
nd
ti
m
e.
 W
it
h 
ad
di
ti
ve
 m
an
uf
ac
tu
ri
ng
, i
t’s
 a
s 
ea
sy
 to
 p
ri
nt
 a
 s
im
pl
e 
tu
be
 a
s 
it
 is
 to
 p
ri
nt
,
sa
y,
 a
 d
ou
bl
e 
he
lix
 w
ra
pp
ed
 in
 a
 s
pi
ra
l s
ta
ir
ca
se
 d
ra
pe
d 
by
 a
 s
pi
de
r 
w
eb
. H
ig
h-
re
so
lu
ti
on
pr
in
te
rs
 c
an
 e
ve
n 
m
ak
e 
pr
od
uc
ts
 w
it
h 
ge
ar
s 
an
d 
hi
ng
es
.
Sh
ap
ew
ay
s,
 a
 3
-D
 p
ri
nt
in
g 
se
rv
ic
e,
 h
as
 b
ui
lt
 it
s 
bu
si
ne
ss
 u
po
n 
th
e 
as
su
m
pt
io
n 
th
at
 a
si
za
bl
e 
de
m
og
ra
ph
ic
 is
 w
ill
in
g 
to
 p
ay
 m
or
e 
fo
r 
cu
st
om
iz
ed
 p
ro
du
ct
s 
th
an
 fo
r 
m
as
s-
m
an
uf
ac
tu
re
d 
go
od
s.
 T
he
 c
om
pa
ny
 fu
lf
ill
s 
de
si
gn
 o
rd
er
s 
fr
om
 te
ns
 o
f t
ho
us
an
ds
 o
f
cu
st
om
er
s,
 o
r 
“c
om
m
un
it
y 
m
em
be
rs
,”
 a
t p
la
nt
s 
in
 th
e 
N
et
he
rl
an
ds
 a
nd
 in
 L
on
g 
Is
la
nd
C
it
y,
 N
ew
 Y
or
k,
 u
si
ng
 p
ri
nt
er
s 
th
at
 h
an
dl
e 
a 
va
ri
et
y 
of
 m
at
er
ia
ls
, i
nc
lu
di
ng
 c
er
am
ic
s,
sa
nd
st
on
e,
 p
la
st
ic
s 
an
d 
m
et
al
s.
“W
e’
re
 g
iv
in
g 
pe
op
le
 a
cc
es
s 
to
 m
ill
io
n-
do
lla
r 
m
ac
hi
ne
s,
” 
E
lis
a 
R
ic
ha
rd
so
n,
 S
ha
pe
w
ay
s’
P
R
 a
nd
 s
oc
ia
l m
ed
ia
 m
an
ag
er
, s
ay
s.
 “
W
e’
re
 e
na
bl
in
g 
th
em
 to
 r
un
 b
us
in
es
se
s 
th
ro
ug
h
ou
r 
co
m
pa
ny
.”
 A
nd
 w
ha
t d
o 
th
os
e 
bu
si
ne
ss
es
 s
el
l?
 “
M
os
tl
y 
cu
lt
is
h 
th
in
gs
, l
ik
e 
M
in
e c
ra
ft
m
od
el
s 
an
d 
D
un
ge
on
s 
&
 D
ra
go
ns
 d
ie
s.
” 
A
h,
 I
 th
in
k:
 W
e’
re
 b
ac
k 
to
 th
e 
sk
ul
l r
in
gs
. “
A
re
cu
st
om
er
s 
re
qu
es
ti
ng
 p
ri
nt
s 
of
 a
ny
th
in
g 
tr
ul
y 
su
rp
ri
si
ng
?”
 I
 a
sk
. R
ic
ha
rd
so
n 
pa
us
es
,
th
en
 s
ay
s,
 “
It
’s
 a
m
az
in
g 
ho
w
 u
n
su
rp
ri
si
n
g
 th
e 
st
uf
f w
e 
m
ak
e 
is
. I
t’s
 a
 d
oo
rk
no
b 
or
 a
 c
ri
b
pa
rt
 fr
om
 a
 m
om
 in
 s
ub
ur
bi
a.
”
C
le
ar
ly
, 3
-D
 p
ri
nt
in
g 
is
 a
 b
oo
n 
to
 p
er
so
na
l c
on
su
m
pt
io
n,
 b
ut
 th
e 
m
ac
hi
ne
s 
ca
n
po
te
nt
ia
lly
 p
ro
vi
de
 g
re
at
 s
oc
ia
l v
al
ue
 a
s 
w
el
l. 
Im
ag
in
e 
vi
lla
ge
s 
in
 th
e 
de
ve
lo
pi
ng
 w
or
ld
pr
in
ti
ng
 p
ar
ts
 fo
r 
fa
rm
 e
qu
ip
m
en
t o
r 
w
at
er
 p
um
ps
, a
nd
 th
e 
so
la
r 
pa
ne
ls
 th
at
 d
ri
ve
 th
em
.
Im
ag
in
e 
m
ob
ile
 p
ro
du
ct
io
n 
pl
an
ts
 q
ui
ck
ly
 d
ep
lo
ye
d 
in
 d
is
as
te
r 
zo
ne
s,
 p
ri
nt
in
g 
ou
t
an
yt
hi
ng
 fr
om
 a
rm
 s
pl
in
ts
 to
 te
nt
 s
ta
ke
s.
In
 th
e 
fu
tu
re
, s
ug
ge
st
s 
P
et
er
 F
ri
ed
m
an
, p
ub
lis
he
r 
of
 th
e 
In
n
o
v
a
ti
o
n
 I
n
v
es
tm
en
t
Jo
u
rn
a
l, 
ca
r 
de
al
er
s 
m
ig
ht
 in
cl
ud
e 
fr
ee
 p
ri
nt
er
s 
w
it
h 
ve
hi
cl
es
, s
o 
th
at
 o
w
ne
rs
 c
an
 m
ak
e
th
ei
r 
ow
n 
pa
rt
s,
 r
ep
la
ci
ng
 a
nd
 r
ed
es
ig
ni
ng
 fo
re
ve
r.
 “
3-
D
 p
ri
nt
in
g 
is
 n
ot
 ju
st
 th
e 
fu
tu
re
 o
f
m
ak
in
g 
th
in
gs
 y
ou
 d
on
’t 
ha
ve
,”
 h
e 
w
ro
te
 in
 a
 c
ol
um
n.
 “
It
’s
 th
e 
fu
tu
re
 o
f m
ak
in
g 
th
in
gs
th
at
 y
ou
 d
o 
ha
ve
 im
m
or
ta
l.”
O
ne
 o
f t
ho
se
 th
in
gs
 m
ig
ht
 e
ve
n 
be
 th
e 
hu
m
an
 b
od
y—
or
 a
t l
ea
st
 s
om
e 
of
 it
s 
pa
rt
s.
**
*
C
ar
lo
s 
K
en
gl
a,
 a
 s
lim
 y
ou
ng
 m
an
 w
ea
ri
ng
 s
ta
te
m
en
t e
ye
gl
as
se
s 
an
d 
a 
fo
ur
-i
nc
h-
lo
ng
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C
ar
lo
s 
K
en
gl
a,
 a
 s
lim
 y
ou
ng
 m
an
 w
ea
ri
ng
 s
ta
te
m
en
t e
ye
gl
as
se
s 
an
d 
a 
fo
ur
-i
nc
h-
lo
ng
so
ul
 p
at
ch
, c
ou
ld
 e
as
ily
 p
as
s 
fo
r 
a 
hi
ps
te
r 
M
ak
er
 o
f s
m
al
l-
ba
tc
h 
bo
ur
bo
n 
or
 b
es
po
ke
bi
cy
cl
es
. B
ut
 K
en
gl
a 
ha
s 
sp
en
t t
he
 la
st
 fe
w
 y
ea
rs
 fo
cu
si
ng
 o
n 
th
e 
pr
od
uc
ti
on
 o
f e
ar
s,
w
hi
ch
 h
e 
pr
in
ts
 u
si
ng
 c
el
ls
 th
at
 a
re
 ta
ke
n 
fr
om
 h
um
an
 e
ar
 c
ar
ti
la
ge
 a
nd
 th
en
 p
ro
pa
ga
te
d
in
 th
e 
la
b.
 K
en
gl
a’
s 
fe
llo
w
 s
ci
en
ti
st
s 
at
 th
e 
W
ak
e 
Fo
re
st
 B
ap
ti
st
 M
ed
ic
al
 C
en
te
r’
s
In
st
it
ut
e 
fo
r 
R
eg
en
er
at
iv
e 
M
ed
ic
in
e 
ar
e 
de
ve
lo
pi
ng
, i
n 
co
lla
bo
ra
ti
on
 w
it
h 
ot
he
r 
la
bs
,
pr
oc
es
se
s 
to
 s
ys
te
m
at
ic
al
ly
 p
ri
nt
 m
us
cl
e 
ti
ss
ue
, s
ki
n,
 k
id
ne
ys
, c
ar
ti
la
ge
 a
nd
 b
on
es
. F
or
ye
ar
s,
 r
es
ea
rc
he
rs
 h
av
e 
be
en
 b
ui
ld
in
g 
or
ga
ns
 b
y 
ha
nd
, p
ip
et
ti
ng
 p
ro
ge
ni
to
r 
ce
lls
—
w
hi
ch
ha
ve
 th
e 
ca
pa
ci
ty
 to
 d
if
fe
re
nt
ia
te
 in
to
 s
pe
ci
fi
c 
ty
pe
s 
of
 c
el
ls
—
on
to
 d
eg
ra
da
bl
e 
sc
af
fo
ld
s.
T
he
y’
ve
 h
ad
 v
ar
yi
ng
 le
ve
ls
 o
f s
uc
ce
ss
: H
an
dm
ad
e 
bl
ad
de
rs
 h
av
e 
be
en
 fu
nc
ti
on
in
g 
in
 a
ha
nd
fu
l o
f p
at
ie
nt
s 
fo
r 
m
an
y 
ye
ar
s;
 a
 m
in
ia
tu
re
 k
id
ne
y 
im
pl
an
te
d 
in
 a
 c
ow
 s
uc
ce
ss
fu
lly
ex
cr
et
ed
 u
ri
ne
. B
ut
 c
on
st
ru
ct
in
g 
or
ga
ns
 b
y 
ha
nd
 is
 la
bo
ri
ou
s 
an
d 
pl
ag
ue
d 
by
 h
um
an
er
ro
r.
 R
ap
id
 p
ro
to
ty
pi
ng
, w
it
h 
ca
rt
ri
dg
es
 o
f c
el
ls
 s
qu
ir
ti
ng
 fr
om
 a
 p
ri
nt
 h
ea
d 
an
d 
gu
id
ed
by
 a
 c
om
pu
te
r,
 K
en
gl
a 
sa
ys
, “
is
 fa
st
er
 a
nd
 m
or
e 
pr
ec
is
e,
 to
 th
e 
m
ic
ro
n.
 I
t a
llo
w
s 
us
 to
pl
ac
e 
di
ff
er
en
t t
yp
es
 o
f c
el
ls
 in
 s
pe
ci
fi
c 
sh
ap
es
 a
nd
 in
 in
tr
ic
at
e 
pa
tt
er
ns
.”
K
en
gl
a 
st
ar
es
 in
to
 a
 c
om
pu
te
r 
m
on
it
or
, c
lic
ks
 th
ro
ug
h 
w
ha
t s
ee
m
s 
lik
e 
a 
hu
nd
re
d
m
en
us
 a
nd
 in
it
ia
te
s 
th
re
e 
ca
rt
ri
dg
es
 lo
ad
ed
 in
to
 a
 p
ri
nt
 h
ea
d 
th
at
 h
ov
er
s 
ov
er
 a
 p
et
ri
di
sh
 a
to
p 
a 
sm
al
l p
la
tf
or
m
. O
ne
 c
ar
tr
id
ge
 c
on
ta
in
s 
ca
rt
ila
ge
 c
el
ls
, a
no
th
er
 c
on
ta
in
s
bi
od
eg
ra
da
bl
e 
sc
af
fo
ld
 m
at
er
ia
l a
nd
 th
e 
th
ir
d 
co
nt
ai
ns
 a
 w
at
er
 s
ol
ub
le
 g
el
, w
hi
ch
te
m
po
ra
ri
ly
 p
ro
vi
de
s 
su
pp
or
t u
nt
il 
it
’s
 la
te
r 
w
as
he
d 
aw
ay
. B
ac
k 
an
d 
fo
rt
h 
th
e 
pr
in
t h
ea
d
sh
ut
tl
es
 w
it
h 
a 
pn
eu
m
at
ic
 w
ho
os
h,
 s
w
it
ch
in
g 
be
tw
ee
n 
th
e 
ca
rt
ri
dg
es
, c
on
st
ru
ct
in
g 
th
e
or
ga
n 
in
 s
ta
ck
ed
, s
uc
ce
ss
iv
e 
la
ye
rs
, e
ac
h 
15
0
 m
ic
ro
ns
 th
ic
k.
 A
 h
ig
h-
in
te
ns
it
y 
lig
ht
 a
nd
m
ic
ro
sc
op
e 
al
lo
w
 K
en
gl
a 
to
 fo
llo
w
 th
e 
m
ac
hi
ne
’s
 p
ro
gr
es
s 
on
 a
 m
on
it
or
. A
ft
er
 4
5
m
in
ut
es
, t
he
 s
ha
pe
 o
f a
n 
ea
r 
be
gi
ns
 to
 e
m
er
ge
.
P
er
fe
ct
io
n 
re
m
ai
ns
 a
 fe
w
 y
ea
rs
 in
 th
e 
fu
tu
re
. S
ti
ll,
 th
e 
pr
in
ti
ng
 o
f o
rg
an
s—
an
d 
ca
rt
ila
ge
an
d 
sk
in
 a
nd
 ti
ss
ue
—
ho
ld
s 
gr
ea
t p
ro
m
is
e 
fo
r 
tr
an
sf
or
m
in
g 
he
al
th
 c
ar
e 
an
d 
ex
te
nd
in
g
lo
ng
ev
it
y.
 T
ra
ns
pl
an
te
d 
or
ga
ns
 c
re
at
ed
 fr
om
 a
 p
at
ie
nt
’s
 o
w
n 
ti
ss
ue
s 
w
on
’t 
be
 r
ej
ec
te
d.
W
ai
ti
ng
 ti
m
es
 fo
r 
ki
dn
ey
s 
an
d 
ot
he
r 
do
no
r 
or
ga
ns
 w
ill
 d
ec
re
as
e,
 a
nd
 o
rg
an
 tr
af
fi
ck
er
s
co
ul
d 
be
 p
ut
 o
ut
 o
f b
us
in
es
s 
(t
he
 W
or
ld
 H
ea
lt
h 
O
rg
an
iz
at
io
n 
es
ti
m
at
es
 th
er
e 
w
er
e
al
m
os
t 1
1,
0
0
0
 o
rg
an
s 
so
ld
 o
n 
th
e 
bl
ac
k 
m
ar
ke
t i
n 
20
10
).
 P
re
sc
ri
pt
io
n 
dr
ug
 c
om
pa
ni
es
ar
e 
ea
ge
r 
to
 te
st
 d
ru
gs
 a
nd
 o
th
er
 th
er
ap
ie
s 
on
 r
ap
id
ly
 p
ro
to
ty
pe
d 
or
ga
ns
 o
r 
ti
ss
ue
,
in
st
ea
d 
of
 o
n 
an
im
al
s 
or
 h
um
an
 b
ei
ng
s.
A
nt
ho
ny
 A
ta
la
, w
ho
 le
ad
s 
th
e 
In
st
it
ut
e 
fo
r 
R
eg
en
er
at
iv
e 
M
ed
ic
in
e,
 p
re
di
ct
s 
th
at
 it
’s
 o
nl
y
a 
m
at
te
r 
of
 y
ea
rs
 b
ef
or
e 
ho
sp
it
al
s 
ha
ve
 m
ac
hi
ne
s 
th
at
 c
an
 p
ri
nt
 s
ki
n—
fr
om
su
bc
ut
an
eo
us
 fa
t u
p 
th
ro
ug
h 
ke
ra
ti
no
cy
te
s 
to
 h
ai
r 
fo
lli
cl
es
, o
il 
gl
an
ds
 a
nd
 m
el
an
oc
yt
es
—
di
re
ct
ly
 o
nt
o 
a 
pa
ti
en
t’s
 b
od
y.
 “
Sk
in
 is
 th
e 
le
as
t c
om
pl
ex
 o
rg
an
,”
 A
ta
la
 s
ay
s.
 “
T
he
n 
w
e’
ll
se
e 
tu
bu
la
r 
st
ru
ct
ur
es
, t
he
n 
ho
llo
w
 a
nd
 th
en
 n
on
-h
ol
lo
w
 o
rg
an
s.
” 
In
cl
ud
in
g,
 e
ve
nt
ua
lly
,
a 
he
ar
t?
 “
I 
ho
pe
 in
 m
y 
lif
et
im
e,
” 
he
 s
ay
s,
 la
ug
hi
ng
. “
A
nd
 I
’m
 s
ti
ll 
ve
ry
 y
ou
ng
.”
 (
A
ta
la
 is
54
.)
**
*
D
ea
lin
g 
w
it
h 
co
m
pl
ex
it
y 
is
 w
ha
t a
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 is
 b
es
t a
t.
 E
ng
in
ee
rs
 fo
r 
L
ot
us
R
en
au
lt
 G
P
, i
n 
pu
rs
ui
t o
f l
ig
ht
er
, f
as
te
r 
an
d 
m
or
e 
 fu
el
-e
ff
ic
ie
nt
 F
or
m
ul
a 
1 
ra
ce
 c
ar
s,
 u
se
st
er
eo
lit
ho
gr
ap
hy
 a
nd
 la
se
r 
si
nt
er
in
g 
to
 e
xp
er
im
en
t w
it
h 
co
ol
in
g 
du
ct
s 
an
d 
fi
ns
,
el
im
in
at
in
g 
m
at
er
ia
l t
ha
t’s
 in
es
se
nt
ia
l t
o 
fu
nc
ti
on
. A
nd
 th
e 
pr
oc
es
s 
is
 q
ui
ck
. P
at
 W
ar
ne
r,
L
ot
us
 R
en
au
lt
 G
P
’s
 a
dv
an
ce
d 
di
gi
ta
l m
an
uf
ac
tu
ri
ng
 m
an
ag
er
, s
ay
s 
he
 c
an
 tu
rn
 a
ro
un
d
pa
rt
s 
in
 tw
o 
da
ys
 in
st
ea
d 
of
 te
n 
w
ee
ks
.
It
’s
 h
ig
h-
en
d 
ap
pl
ic
at
io
ns
 li
ke
 th
is
 th
at
 h
av
e 
ra
is
ed
 3
-D
 p
ri
nt
in
g’
s 
pu
bl
ic
 p
ro
fi
le
. “
T
he
av
ia
ti
on
 in
du
st
ry
 h
as
 m
or
e 
th
an
 2
2,
0
0
0
 p
ri
nt
ed
 p
ar
ts
 fl
yi
ng
 r
ig
ht
 n
ow
, a
nd
 p
eo
pl
e 
ar
e
w
al
ki
ng
 o
n 
3-
D
 p
ri
nt
ed
 o
rt
ho
pe
di
c 
im
pl
an
ts
,”
 s
ay
s 
T
er
ry
 W
oh
le
rs
, t
he
 p
re
si
de
nt
 o
f t
he
in
de
pe
nd
en
t c
on
su
lt
in
g 
fi
rm
 W
oh
le
rs
 A
ss
oc
ia
te
s.
 “
T
he
se
 a
re
 v
er
y 
re
gu
la
te
d,
 v
er
y
de
m
an
di
ng
 in
du
st
ri
es
 a
nd
 th
es
e 
pa
rt
s 
ar
e 
pe
rf
or
m
in
g 
w
el
l.”
C
an
ad
ia
n 
de
si
gn
er
 J
im
 K
or
 is
 b
ui
ld
in
g 
a 
th
re
e-
w
he
el
ed
, t
ea
rd
ro
p-
sh
ap
ed
 c
ar
 th
at
w
ei
gh
s 
ju
st
 1
,2
0
0
 p
ou
nd
s.
 K
or
 s
ha
ve
s 
w
ei
gh
t b
y 
co
m
bi
ni
ng
 m
ul
ti
pl
e 
pa
rt
s.
 T
he
da
sh
bo
ar
d,
 fo
r 
ex
am
pl
e,
 is
 p
ri
nt
ed
 w
it
h 
du
ct
s 
at
ta
ch
ed
, e
lim
in
at
in
g 
th
e 
ne
ed
 fo
r
m
ul
ti
pl
e 
jo
in
ts
 a
nd
 th
ei
r 
co
nn
ec
ti
ng
 p
la
st
ic
 a
nd
 m
et
al
 p
ar
ts
. S
om
ew
ha
t l
es
s
dr
am
at
ic
al
ly
, b
ak
er
s 
ar
e 
ex
tr
ud
in
g 
ic
in
g 
fr
om
 p
ri
nt
 h
ea
ds
 to
 d
ec
or
at
e 
ca
ke
s;
 s
to
p-
m
ot
io
n 
an
im
at
or
s 
ar
e 
us
in
g 
ra
pi
d-
pr
ot
ot
yp
in
g 
3-
D
 p
ri
nt
er
s 
to
 c
re
at
e 
th
ou
sa
nd
s 
of
nu
an
ce
d 
fa
ci
al
 e
xp
re
ss
io
ns
 fo
r 
fi
lm
 c
ha
ra
ct
er
s;
 m
at
he
m
at
ic
ia
ns
 u
se
 th
e 
te
ch
no
lo
gy
 to
m
od
el
 c
om
pl
ex
 g
eo
m
et
ri
c 
sh
ap
es
; a
nd
 3
-D
 p
ho
to
 b
oo
th
s 
ar
e 
sc
an
ni
ng
 p
eo
pl
e 
an
d
pr
in
ti
ng
 m
in
ia
tu
re
 r
ep
lic
as
 o
f t
he
ir
 h
ea
ds
 o
r 
en
ti
re
 b
od
ie
s.
A
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 w
ou
ld
 n
ot
 h
av
e 
fl
ow
er
ed
 w
it
ho
ut
 m
aj
or
 a
dv
an
ce
s 
in
 c
om
pu
te
r-
di
re
ct
ed
 m
od
el
in
g.
 A
 d
ec
ad
e 
ag
o,
 it
 to
ok
 w
ee
ks
 to
 g
en
er
at
e 
a 
di
gi
ta
l 3
-D
 m
od
el
; n
ow
 it
ta
ke
s 
on
ly
 h
ou
rs
. D
es
ig
n 
so
ft
w
ar
e 
ha
s 
be
co
m
e 
m
or
e 
ac
ce
ss
ib
le
, a
nd
 s
ca
nn
er
s,
 to
o,
 h
av
e
be
co
m
e 
m
or
e 
po
w
er
fu
l a
nd
 e
as
ie
r 
to
 u
se
—
ev
en
 a
t h
om
e.
 T
hi
s 
pa
st
 M
ar
ch
, M
ic
ro
so
ft
an
no
un
ce
d 
a 
fo
rt
hc
om
in
g 
so
ft
w
ar
e 
re
le
as
e 
th
at
 w
ill
 e
nd
ow
 it
s 
K
in
ec
t f
or
 W
in
do
w
s
co
m
pu
te
r 
se
ns
or
 w
it
h 
th
e 
ab
ili
ty
 to
 q
ui
ck
ly
 c
re
at
e 
de
ta
ile
d 
3-
D
 m
od
el
s 
of
 p
eo
pl
e 
an
d
ob
je
ct
s.
E
ng
in
ee
rs
 a
nd
 p
ro
du
ct
 d
es
ig
ne
rs
 s
ca
n 
an
 e
xi
st
in
g 
ob
je
ct
 o
r 
co
nt
ou
r 
by
 s
ho
ot
in
g
th
ou
sa
nd
s 
of
 p
oi
nt
s 
of
 li
gh
t a
t i
t a
nd
 lo
ad
in
g 
th
e 
“p
oi
nt
 c
lo
ud
”—
a 
3-
D
 g
ho
st
 im
ag
e 
of
 th
e
or
ig
in
al
—
in
to
 a
 c
om
pu
te
r.
 M
ul
ti
pl
e 
sc
an
s 
ar
e 
al
ig
ne
d 
an
d 
fi
lt
er
ed
, p
oi
nt
s 
ar
e 
co
nn
ec
te
d
to
 th
ei
r 
ne
ar
 n
ei
gh
bo
rs
 to
 fo
rm
 p
ol
yg
on
s,
 h
ol
es
 a
re
 fi
lle
d 
an
d 
bl
em
is
he
s 
re
m
ov
ed
.
Fi
na
lly
, w
it
h 
a 
cl
ic
k 
of
 th
e 
m
ou
se
, t
he
 s
ur
fa
ce
 o
f t
he
 im
ag
e 
is
 s
m
oo
th
ed
 to
 fo
rm
 a
 s
hr
in
k-
w
ra
pp
ed
 v
er
si
on
 o
f t
he
 o
ri
gi
na
l. 
O
ff
 to
 th
e 
pr
in
te
r 
th
e 
di
gi
ta
l f
ile
 g
oe
s.
A
nd
 if
 th
e 
cl
ie
nt
 d
oe
sn
’t 
lik
e 
th
e 
fi
ni
sh
ed
 p
ri
nt
? 
N
ot
 a
 b
ig
 d
ea
l: 
T
he
 s
up
pl
y 
ch
ai
n 
is
 a
co
m
pu
te
r 
fi
le
, n
ot
 p
ar
ts
 fr
om
 a
ro
un
d 
th
e 
w
or
ld
, a
nd
 th
er
e’
s 
no
 n
ee
d 
to
 r
et
oo
l m
ac
hi
ne
s
to
 m
ak
e 
de
si
gn
 c
ha
ng
es
. T
he
 tr
aj
ec
to
ry
 fr
om
 id
ea
 to
 a
pp
ro
va
l t
o 
m
an
uf
ac
tu
ri
ng
 to
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to
 m
ak
e 
de
si
gn
 c
ha
ng
es
. T
he
 tr
aj
ec
to
ry
 fr
om
 id
ea
 to
 a
pp
ro
va
l t
o 
m
an
uf
ac
tu
ri
ng
 to
m
ar
ke
ti
ng
 to
 s
al
e 
is
, a
ga
in
, v
as
tl
y 
ac
ce
le
ra
te
d.
“O
nc
e 
a 
sh
ap
e 
is
 in
 a
 u
sa
bl
e 
3-
D
 fo
rm
at
, t
he
 s
ky
’s
 th
e 
lim
it
,”
 s
ay
s 
R
ac
ha
el
 D
al
to
n-
T
ag
ga
rt
, d
ir
ec
to
r 
of
 m
ar
ke
ti
ng
 c
om
m
un
ic
at
io
ns
 fo
r 
G
eo
m
ag
ic
, a
 p
io
ne
er
 in
 s
cu
lp
ti
ng
,
m
od
el
in
g 
an
d 
sc
an
ni
ng
 s
of
tw
ar
e.
 T
he
 c
om
pa
ny
’s
 p
ro
du
ct
s 
in
cl
ud
e 
so
ft
w
ar
e 
th
at
 g
iv
es
di
gi
ta
l d
es
ig
ne
rs
 ta
ct
ile
 fe
ed
ba
ck
. W
ie
ld
in
g 
a 
pe
nl
ik
e,
 h
ap
ti
c 
de
vi
ce
—
w
hi
ch
 h
as
 m
ot
or
s
th
at
 p
us
h 
ba
ck
 a
ga
in
st
 th
e 
us
er
’s
 h
an
d—
de
si
gn
er
s 
ca
n 
tr
ac
e 
th
e 
co
nt
ou
rs
 o
f a
 d
ig
it
al
m
od
el
, f
ee
l i
ts
 s
ur
fa
ce
 te
xt
ur
es
 a
nd
 c
ar
ve
 s
ha
pe
s.
 “
It
’s
 li
ke
 w
or
ki
ng
 in
 d
ig
it
al
 c
la
y,
” 
sa
ys
D
al
to
n-
T
ag
ga
rt
. “
T
he
 p
ro
gr
am
 le
ts
 d
es
ig
ne
rs
 c
re
at
e 
pa
rt
ic
ul
ar
ly
 c
om
pl
ex
 a
nd
 h
ig
hl
y
de
ta
ile
d 
or
ga
ni
c 
sh
ap
es
,”
 w
he
th
er
 fo
r 
sc
ul
pt
ur
al
 je
w
el
ry
 o
r 
pa
ti
en
t-
sp
ec
if
ic
 m
ed
ic
al
im
pl
an
ts
, s
uc
h 
as
 a
 p
er
fe
ct
ly
 m
od
el
ed
 p
ro
st
he
ti
c 
no
se
.
T
he
 o
pp
or
tu
ni
ti
es
 fo
r 
cu
st
om
iz
at
io
n 
ha
ve
 lo
ng
 m
ad
e 
ad
di
ti
ve
 m
an
uf
ac
tu
ri
ng
 a
pp
ea
lin
g
to
 th
e 
m
ed
ic
al
 c
om
m
un
it
y.
 B
io
m
ed
ic
al
 c
om
pa
ni
es
 c
om
m
on
ly
 u
se
 3
-D
 m
od
el
in
g 
an
d
pr
in
ti
ng
 to
 p
ro
du
ce
 p
er
so
na
liz
ed
 h
ea
ri
ng
 a
id
s 
as
 w
el
l a
s 
de
nt
al
 r
es
to
ra
ti
on
s,
 o
rt
ho
do
nt
ic
br
ac
es
—
an
d 
m
os
t r
ec
en
tl
y,
 s
ku
lls
. T
hi
s 
pa
st
 M
ar
ch
, a
ft
er
 F
D
A
 r
ev
ie
w
, a
n 
un
na
m
ed
pa
ti
en
t h
ad
 7
5 
pe
rc
en
t o
f h
is
 s
ku
ll 
re
pl
ac
ed
 b
y 
a 
pl
as
ti
c 
im
pl
an
t p
ri
nt
ed
 b
y 
th
e
C
on
ne
ct
ic
ut
-b
as
ed
 O
xf
or
d 
P
er
fo
rm
an
ce
 M
at
er
ia
ls
.
**
*
Fr
om
 o
rg
an
s 
to
 O
-r
in
gs
, 3
-D
 p
ri
nt
in
g 
ha
s 
pr
og
no
st
ic
at
or
s 
bu
zz
in
g 
ov
er
 it
s
tr
an
sf
or
m
at
iv
e,
 a
nd
 e
ve
n 
di
sr
up
ti
ve
, p
ot
en
ti
al
. I
f t
he
 te
ch
no
lo
gy
 fu
lf
ill
s 
th
e 
pr
ed
ic
ti
on
s
of
 it
s 
m
os
t a
rd
en
t c
he
er
le
ad
er
s,
 s
up
pl
y 
lin
es
 th
at
 c
on
ne
ct
 m
as
s 
m
an
uf
ac
tu
re
rs
 in
 c
he
ap
la
bo
r 
m
ar
ke
ts
 w
it
h 
co
ns
um
er
s 
in
 th
e 
de
ve
lo
pe
d 
w
or
ld
 w
ill
 b
e 
sh
or
te
ne
d.
 M
as
s
m
an
uf
ac
tu
ri
ng
 in
 lo
w
-w
ag
e 
co
un
tr
ie
s 
w
ill
 d
ec
lin
e 
an
d 
m
ar
ke
ts
 w
ill
 b
e 
re
-l
oc
al
iz
ed
. W
it
h
a 
lo
w
er
 b
ar
 b
et
w
ee
n 
in
no
va
ti
ng
 a
nd
 p
ro
du
ci
ng
, t
ho
us
an
ds
 o
f n
ew
 b
us
in
es
se
s 
ar
e
ex
pe
ct
ed
 to
 b
lo
ss
om
.
B
ut
 th
e 
gr
ow
th
 o
f t
hi
s 
te
ch
no
lo
gy
 r
ai
se
s 
a 
th
ic
ke
t o
f l
eg
al
 q
ue
st
io
ns
. W
ho
 is
 li
ab
le
 if
 a
ho
m
e-
pr
in
te
d 
de
si
gn
 fa
ils
 to
 p
er
fo
rm
? 
W
ho
 o
w
ns
 th
e 
in
te
lle
ct
ua
l p
ro
pe
rt
y 
of
 c
od
es
 a
nd
th
e 
ob
je
ct
s 
th
ey
 p
ro
du
ce
? 
(P
hy
si
ca
l o
bj
ec
ts
 c
an
 b
e 
tr
ad
em
ar
ke
d 
an
d 
pa
te
nt
ed
, a
nd
di
gi
ta
l 3
-D
 fi
le
s 
ca
n 
be
 c
op
yr
ig
ht
ed
, b
ut
 in
 th
e 
M
ak
er
 u
ni
ve
rs
e 
th
is
 is
 c
on
si
de
re
d 
un
co
ol
an
d 
co
un
te
rp
ro
du
ct
iv
e 
to
 in
no
va
ti
on
.)
 T
hr
ee
-D
 p
ri
nt
in
g 
is
 b
ou
nd
 to
 e
nc
ou
ra
ge
co
un
te
rf
ei
ti
ng
, w
it
h 
se
ri
ou
s 
co
ns
eq
ue
nc
es
 fo
r 
br
an
d 
ow
ne
rs
. D
is
ne
y,
 w
ho
se
 c
ha
ra
ct
er
s
ar
e 
w
id
el
y 
co
pi
ed
 b
y 
M
ak
er
s,
 is
 s
o 
fa
r 
ig
no
ri
ng
 in
fr
in
ge
m
en
ts
, b
ut
 th
at
 m
ay
 c
ha
ng
e.
T
he
n 
th
er
e 
ar
e 
se
cu
ri
ty
 c
on
ce
rn
s.
 U
si
ng
 b
lu
ep
ri
nt
s 
do
w
nl
oa
de
d 
fr
om
 th
e 
In
te
rn
et
,
pe
op
le
 a
lr
ea
dy
 h
av
e 
be
gu
n 
pr
in
ti
ng
 g
un
 p
ar
ts
. H
ac
ke
rs
 h
av
e 
st
ol
en
 p
er
so
na
l b
an
ki
ng
in
fo
rm
at
io
n 
af
te
r 
cr
ea
ti
ng
 a
 w
id
ge
t t
ha
t f
it
s 
in
si
de
 a
n 
A
T
M
. A
s 
ev
er
, t
oo
ls
 c
an
 b
e 
us
ed
fo
r 
go
od
 a
s 
ea
si
ly
 a
s 
fo
r 
ill
. I
t w
ill
 b
e 
up
 to
 m
yr
ia
d 
go
ve
rn
m
en
t a
ge
nc
ie
s 
to
 a
dd
re
ss
 th
e
w
id
e 
sp
ec
tr
um
 o
f l
eg
al
 a
nd
 c
ri
m
in
al
 c
on
ce
rn
s.
A
nd
 a
ll 
ne
w
 te
ch
no
lo
gy
 p
ro
du
ce
s 
w
in
ne
rs
 a
nd
 lo
se
rs
. A
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 w
ill
 c
re
at
e
ne
w
 in
du
st
ri
es
 a
nd
 n
ew
 jo
bs
. B
ut
 it
 m
ay
 a
ls
o 
di
sp
la
ce
 s
ki
lle
d 
cr
af
ts
pe
op
le
, a
rt
is
an
s 
an
d
de
si
gn
er
s 
w
ho
 w
or
k 
w
it
h 
ra
w
 m
at
er
ia
ls
, j
us
t a
s 
A
m
az
on
 d
is
pl
ac
ed
 b
oo
ks
to
re
s,
 a
nd
de
sk
to
p 
pr
in
te
rs
 e
vi
sc
er
at
ed
 m
om
 a
nd
 p
op
 c
op
y 
sh
op
s.
 T
ha
nk
s 
to
 th
e 
In
te
rn
et
, w
e 
ar
e
al
l w
ri
te
rs
, p
ho
to
gr
ap
he
rs
, f
ilm
m
ak
er
s,
 p
ub
lis
he
rs
 a
nd
 p
ub
lic
is
ts
. S
oo
n,
 w
e 
m
ay
 a
ll 
be
M
ak
er
s,
 to
o.
 T
ho
se
 w
ho
 r
ue
 th
at
 d
ay
 c
an
 ta
ke
 s
om
e 
co
m
fo
rt
, f
or
 n
ow
, i
n 
3-
D
 p
ri
nt
in
g’
s
w
ea
kn
es
se
s:
 T
he
 p
ri
nt
er
s 
ca
n 
pr
od
uc
e 
ob
je
ct
s 
on
ly
 a
s 
bi
g 
as
 th
ei
r 
bu
ild
 p
la
tf
or
m
s;
 a
nd
m
os
t d
es
kt
op
 m
ac
hi
ne
s 
pr
in
t o
nl
y 
in
 o
ne
 o
r 
tw
o 
m
at
er
ia
ls
, w
hi
ch
 a
re
 fr
ag
ile
 c
om
pa
re
d
w
it
h 
th
os
e 
pr
od
uc
ed
 b
y 
th
e 
hi
gh
-e
nd
 in
du
st
ri
al
 m
ac
hi
ne
s.
 A
nd
, u
nl
ik
e 
in
du
st
ri
al
pr
in
te
rs
, d
es
kt
op
 m
od
el
s 
la
ck
 s
ta
nd
ar
di
za
ti
on
, s
o 
di
ff
er
en
t m
ac
hi
ne
s 
us
in
g 
th
e 
sa
m
e
de
si
gn
 fi
le
s 
w
on
’t 
ne
ce
ss
ar
ily
 p
ro
du
ce
 id
en
ti
ca
l o
bj
ec
ts
. (
T
he
 N
at
io
na
l I
ns
ti
tu
te
 o
f
St
an
da
rd
s 
an
d 
T
ec
hn
ol
og
y 
is
 c
ur
re
nt
ly
 h
el
pi
ng
 to
 d
ev
el
op
 s
ta
nd
ar
ds
 fo
r 
th
e 
in
du
st
ry
.)
**
*
T
hr
ou
gh
ou
t m
y 
tr
av
el
s 
in
 3
-D
, c
og
ni
ti
ve
 d
is
so
na
nc
e 
st
al
ke
d 
m
e.
 O
ne
 c
an
 in
tu
it
iv
el
y
gr
as
p 
th
at
 a
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 h
as
 a
 s
m
al
le
r 
re
so
ur
ce
 fo
ot
pr
in
t t
ha
n 
su
bt
ra
ct
iv
e
m
an
uf
ac
tu
ri
ng
, i
n 
w
hi
ch
 d
es
ig
ns
 a
re
 c
hi
pp
ed
 o
r 
cu
t a
w
ay
 fr
om
 la
rg
er
 b
lo
ck
s 
of
 m
at
er
ia
l.
Sh
or
te
r 
su
pp
ly
 c
ha
in
s 
ha
ve
 s
m
al
le
r 
ca
rb
on
 fo
ot
pr
in
ts
, a
nd
 p
ri
nt
in
g 
on
 d
em
an
d 
co
ul
d
re
du
ce
 th
e 
w
as
te
 o
f c
lo
se
ou
ts
, o
ve
rs
to
ck
s 
an
d 
ot
he
r 
pr
od
uc
ts
 th
at
 n
ev
er
 g
et
 b
ou
gh
t.
 B
ut
th
e 
fe
ed
st
oc
k 
of
 3
-D
 p
ri
nt
er
s—
w
he
th
er
 p
la
st
ic
s 
or
 g
yp
su
m
 p
ow
de
rs
 o
r 
m
et
al
s—
st
ill
ne
ed
s 
to
 tr
av
el
 th
e 
w
or
ld
. M
or
eo
ve
r,
 A
B
S 
pl
as
ti
c,
 th
e 
pr
in
ci
pl
e 
fe
ed
st
oc
k 
of
 d
es
kt
op
pr
in
te
rs
, i
s 
de
ri
ve
d 
fr
om
 o
il 
or
 g
as
, w
hi
ch
 a
re
 b
ot
h 
fi
ni
te
, p
ol
lu
ti
ng
 r
es
ou
rc
es
. (
P
L
A
,
an
ot
he
r 
co
m
m
on
 fe
ed
st
oc
k,
 is
 m
ad
e 
fr
om
 c
or
n,
 w
hi
ch
 a
ls
o 
ha
s 
a 
si
za
bl
e 
en
vi
ro
nm
en
ta
l
fo
ot
pr
in
t s
in
ce
 it
 r
eq
ui
re
s 
fe
rt
ili
ze
r,
 p
es
ti
ci
de
s 
an
d 
ir
ri
ga
ti
on
.)
 3
D
 S
ys
te
m
s’
 C
at
hy
 L
ew
is
st
re
ss
es
 th
e 
re
cy
cl
ab
ili
ty
 o
f A
B
S 
an
d 
P
L
A
, b
ut
 m
os
t c
om
m
un
it
ie
s 
do
n’
t a
cc
ep
t o
r 
co
lle
ct
th
es
e 
m
at
er
ia
ls
 fo
r 
pr
oc
es
si
ng
, a
nd
 I
 d
ou
bt
 th
at
 m
an
y 
cu
st
om
er
s 
ar
e 
lik
el
y 
to
 m
ai
l t
he
ir
un
w
an
te
d 
C
ub
e 
cr
ea
ti
on
s 
to
 S
ou
th
 C
ar
ol
in
a 
fo
r 
re
-m
ill
in
g.
M
or
e 
im
po
rt
an
t,
 I
 w
or
ry
 th
at
 th
e 
ea
se
 a
nd
 r
el
at
iv
e 
af
fo
rd
ab
ili
ty
 o
f m
ak
in
g 
ni
ch
e 
or
cu
st
om
iz
ed
 p
ro
du
ct
s—
w
it
h 
th
e 
ex
ce
pt
io
n 
of
 m
ed
ic
al
 a
nd
 s
om
e 
in
du
st
ri
al
 a
pp
lic
at
io
ns
—
is
 ju
st
 a
s 
lik
el
y 
to
 s
pe
ed
 th
ei
r 
di
sp
os
al
: E
as
y 
co
m
e,
 e
as
y 
go
. W
he
n 
ne
w
 s
ne
ak
er
 d
es
ig
ns
m
ov
e 
fr
om
 id
ea
 to
 r
et
ai
l s
he
lv
es
 in
 w
ee
ks
 in
st
ea
d 
of
 m
on
th
s,
 d
es
ig
n 
fa
ti
gu
e 
m
ay
 s
et
 in
so
on
er
 a
s 
w
el
l. 
T
he
 r
es
ul
t?
 E
ve
r 
m
or
e 
sn
ea
ke
rs
 o
n 
th
e 
tr
as
h 
he
ap
 o
f f
as
hi
on
ob
so
le
sc
en
ce
, a
nd
 a
 d
ev
al
ui
ng
 o
f t
he
 c
re
at
iv
it
y 
th
at
 w
en
t i
nt
o 
pr
od
uc
in
g 
th
em
.
W
hi
le
 3
-D
 p
ri
nt
in
g 
of
fe
rs
 th
e 
pr
om
is
e 
of
 d
em
oc
ra
ti
zi
ng
 d
es
ig
n,
 it
 d
oe
s 
so
 b
y 
le
tt
in
g
M
ak
er
s 
of
f t
he
 in
te
lle
ct
ua
l h
oo
k 
as
 th
ey
 b
yp
as
s 
de
ep
 k
no
w
le
dg
e 
of
 m
at
er
ia
ls
 a
nd
pr
oc
es
s.
 A
s 
C
hr
is
 A
nd
er
so
n,
 th
e 
fo
rm
er
 e
di
to
r 
of
 W
ir
ed
 M
a
g
a
zi
n
e,
 w
ri
te
s 
in
 h
is
 b
oo
k
M
a
ke
rs
: 
T
h
e 
N
ew
 I
n
d
u
st
ri
a
l R
ev
o
lu
ti
o
n
, “
Y
ou
 d
on
’t 
ne
ed
 to
 k
no
w
 h
ow
 th
e 
m
ac
hi
ne
s 
do
th
ei
r 
w
or
k,
 o
r 
ho
w
 to
 o
pt
im
iz
e 
th
ei
r 
to
ol
pa
th
s.
 S
of
tw
ar
e 
fi
gu
re
s 
al
l t
ha
t o
ut
.”
 T
ha
t m
ig
ht
no
t b
od
e 
w
el
l f
or
 th
e 
fu
tu
re
. D
es
ig
ni
ng
 a
nd
 p
ro
du
ci
ng
 o
nl
y 
on
 c
om
pu
te
rs
, s
ay
s 
Sc
ot
t
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Fr
an
ci
sc
o,
 a
n 
ar
ch
it
ec
tu
ra
l t
he
or
is
t a
nd
 d
es
ig
ne
r 
w
ho
 te
ac
he
s 
at
 P
ar
so
ns
 T
he
 N
ew
Sc
ho
ol
 fo
r 
D
es
ig
n 
in
 N
ew
 Y
or
k,
 h
as
 th
e 
po
te
nt
ia
l “
to
 d
ro
w
n 
hu
m
an
 le
ar
ni
ng
, c
re
at
iv
e
sk
ill
s 
an
d 
ev
en
 b
as
ic
 p
ro
du
ct
iv
it
y 
w
it
h 
it
s 
in
fo
rm
at
io
n 
an
d 
nu
m
er
ic
al
-t
ec
hn
ic
al
ap
pr
oa
ch
 to
 p
ro
bl
em
 s
ol
vi
ng
.”
 S
ur
e,
 th
e 
m
ac
hi
ne
s 
th
em
se
lv
es
 a
re
 in
no
va
ti
ve
, b
ut
 th
ey
re
du
ce
 th
e 
ne
ed
 fo
r 
de
si
gn
er
s 
to
 w
or
k 
fa
ce
 to
 fa
ce
 w
it
h 
co
lla
bo
ra
to
rs
—
cr
af
ti
ng
 a
nd
re
fi
ni
ng
, o
ne
 s
lo
w
 it
er
at
io
n 
af
te
r 
an
ot
he
r.
 T
he
 n
ex
t g
en
er
at
io
n 
of
 d
es
ig
ne
rs
, F
ra
nc
is
co
fe
ar
s,
 w
ill
 k
no
w
 li
tt
le
 a
bo
ut
 h
ow
 r
ea
l m
at
er
ia
ls
 lo
ok
, f
ee
l a
nd
 in
te
ra
ct
 w
it
h 
ea
ch
 o
th
er
,
le
av
in
g 
pe
op
le
 il
l-
pr
ep
ar
ed
 to
 b
e 
in
no
va
to
rs
 in
 th
ei
r 
ow
n 
ri
gh
t.
Su
ch
 w
or
ri
es
 m
ay
 b
e 
pr
em
at
ur
e,
 fo
r 
3-
D
 p
ri
nt
in
g 
ha
s 
ye
t t
o 
re
ac
h 
ei
th
er
 it
s 
“k
ill
er
 a
pp
”
m
om
en
t—
w
hi
ch
 m
ak
es
 it
 a
s 
ub
iq
ui
to
us
 a
s 
ho
m
e 
co
m
pu
te
rs
—
or
 it
s 
“r
ub
be
r 
du
ck
y”
m
om
en
t,
 w
he
n 
it
 s
up
pl
an
ts
 m
as
s 
m
an
uf
ac
tu
ri
ng
. T
ra
di
ti
on
al
 m
et
ho
ds
 o
f p
ro
du
ct
io
n 
in
lo
w
-w
ag
e 
co
un
tr
ie
s 
ar
e 
st
ill
 fa
r 
fa
st
er
 a
nd
 c
he
ap
er
 th
an
 a
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 w
he
n
la
rg
e 
nu
m
be
rs
 o
f p
ar
ts
 a
re
 n
ee
de
d,
 s
ay
s 
In
n
o
v
a
ti
o
n
 I
n
v
es
tm
en
t 
Jo
u
rn
a
l’s
 P
et
er
Fr
ie
dm
an
. A
nd
 w
hi
le
 G
eo
m
ag
ic
 c
o-
fo
un
de
r 
an
d 
C
E
O
 P
in
g 
Fu
 h
as
 p
re
di
ct
ed
 th
at
 “
m
as
s
cu
st
om
iz
at
io
n”
 w
ill
 r
ep
la
ce
 m
as
s 
pr
od
uc
ti
on
, e
ve
n 
m
at
ch
in
g 
it
 in
 c
os
ts
, o
ne
 c
an
’t 
he
lp
fe
el
in
g,
 g
az
in
g 
at
 a
 s
et
 o
f m
et
al
 m
ix
in
g 
bo
w
ls
 (
to
 n
am
e 
ju
st
 o
ne
 h
ou
se
ho
ld
 it
em
),
 th
at
cu
st
om
iz
at
io
n 
is
n’
t a
lw
ay
s 
ca
lle
d 
fo
r.
Y
es
, a
dd
it
iv
e 
m
an
uf
ac
tu
ri
ng
 is
 b
ei
ng
 u
se
d 
to
 c
re
at
e 
pr
os
th
et
ic
s 
an
d 
ai
rc
ra
ft
 c
om
po
ne
nt
s
—
pr
od
uc
ts
 th
at
 e
pi
to
m
iz
e 
th
e 
te
ch
no
lo
gy
’s
 s
w
ee
t s
po
t o
f l
ow
 v
ol
um
e 
an
d 
hi
gh
co
m
pl
ex
it
y.
 B
ut
 fo
r 
th
e 
va
st
 m
aj
or
it
y 
of
 p
eo
pl
e,
 3
-D
 p
ri
nt
in
g 
m
ay
 r
em
ai
n 
an
 u
ps
tr
ea
m
,
ou
t-
of
-s
ig
ht
 in
du
st
ri
al
 p
ro
ce
ss
. O
nl
y 
th
e 
te
ch
no
ra
ti
, w
it
h 
ca
sh
 to
 b
ur
n 
an
d 
a 
bu
rn
in
g
de
si
re
 to
 M
ak
e,
 a
re
 li
ke
ly
 to
 p
ur
su
e 
de
sk
to
p 
pr
in
te
rs
. A
ny
on
e 
el
se
 c
om
pe
lle
d 
to
 o
w
n 
a 
3-
D
-p
ri
nt
ed
 s
ku
ll 
ri
ng
 w
ill
 fi
nd
 e
as
y 
sa
ti
sf
ac
ti
on
 p
er
us
in
g 
th
e 
m
an
y 
on
 o
ff
er
 th
ro
ug
h 
pr
in
t
bu
re
au
s.
 S
om
e 
of
 th
em
 a
re
 e
ve
n 
an
at
om
ic
al
ly
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or
re
ct
.
FR
OM
 TH
IS
 ST
OR
Y
W O R K S C I T E D
“About | Smithsonian, Project Website.” Web. 06 Jan. 2016.
“About DionWired - DionWired, Project Website.” Web. 05 Jan. 2016.
Amin, Ash. Post-Fordism: a reader. John Wiley & Sons, 2008. Print.
Anderson, Chris. The long tail: Why the future of business is selling less of more. Hyperion, 2008.
Print.
–––.“In the next industrial revolution, atoms are the new bits.” Wired 2 (2010): 58–67. Print.
–––.Makers : the new industrial revolution. New York: Crown Business, 2012. Print.
Arvidsson, Adam. “The ethical economy: Towards a post-capitalist theory of value.” Capital
& Class 33.1 (2009): 13–29. Print.
Barthes, Roland. “Mythologies.” Trans. Annette Lavers. New York: Hill and Wang (1972): 302.
Print.
Bell, Daniel. “The coming of the post-industrial society.” The Educational Forum. Taylor &
Francis, 1976. 574–579. Print.
“Brand – Globe | Corporate Site, Project Website.” Web. 13 Dec. 2015.
Bratich, Jack Z. and Heidi M. Brush. “Fabricating Activism: Craft-Work, Popular Culture,
Gender.” Utopian Studies 22.2 (2011): 233 –260. Print.
Braverman, Harry. Labor and monopoly capital: The degradation of work in the twentieth century.
NYU Press, 1998. Print.
Brenner, Robert. “Agrarian class structure and economic development in pre-industrial
Europe.” Past and present (1976): 30–75. Print.
Brown, Rich. “Pulling Back From Open Source Hardware Makerbot Angers Some Adher-
ents.” Cnet. com 27 (2012). Print.
Bryer, Robert A. “A Marxist accounting history of the British industrial revolution: a review
of evidence and suggestions for research.” Accounting, Organizations and Society 30.1
(2005): 25–65. Print.
Campbell, Thomas, Christopher Williams, Olga Ivanova, and Banning Garrett. “Could 3D
printing change the world.” Technologies, Potential, and Implications of Additive Manufac-
turing, Atlantic Council, Washington, DC (2011). Print.
Castells, Manuel. The Rise of the Network Society: The Information Age: Economy, Society, and
Culture Volume I. Wiley-Blackwell, 2009. Print.
Chouliaraki, Lilie. The ironic spectator: Solidarity in the age of post-humanitarianism. John Wiley
& Sons, 2013. Print.
Chun, Wendy. Control and freedom : power and paranoia in the age of fiber optics. Cambridge,
Mass: MIT Press, 2006. Print.
Clarke, Simon. “New utopias for old: Fordist dreams and Post-Fordist fantasies.” Capital
and Class 42.4 (1990): 131–53. Print.
Cleaver, Harry. “The inversion of class perspective in Marxian theory: From valorisation to
self-valorisation.” Open Marxism 2 (1992): 1992–106. Print.
Coleman, E. Gabriella. “CODE IS SPEECH: Legal Tinkering, Expertise, and Protest among
Free and Open Source Software Developers.” Cultural Anthropology 24.3 (2009): 420–454.
Print.
Coetzee 91
Coleman, E Gabriella and Alex Golub. “Hacker practice Moral genres and the cultural
articulation of liberalism.” Anthropological Theory 8.3 (2008): 255–277. Print.
Devezas, Tessaleno C, Harold A Linstone, and Humberto João S Santos. “14 The growth
of the Internet, long waves, and global change.” Globalization as evolutionary process:
Modeling global change (2007): 310. Print.
DiBona, Chris. Open sources voices from the open source revolution. Beijing: O’Reilly, 1999.
Print.
Dougherty, Dale. “The Maker Movement.” Innovations: Technology, Governance, Globalization
7.3 (2012): 11–14. Print.
Dyer-Witheford, Nick. Cyber-Marx: Cycles and circuits of struggle in high-technology capitalism.
University of Illinois Press, 1999. Print.
Ellul, Jacques and Joachim Neugroschel. The technological system. Vol. 125. Continuum New
York, 1980. Print.
Erikson, Kai. “On work and alienation.” American Sociological Review (1986): 1–8. Print.
Essinger, James. Jacquard’s web: how a hand-loom led to the birth of the information age. Oxford
University Press, 2004. Print.
Fortunati, Leopoldina. “Immaterial Labor and Its Machinization.” ephemera: theory & politics
in organization 7.1 (2007). Print.
Foucault, Michel. The Foucault reader. New York: Pantheon Books, 1984. Print.
Freeman, Chris and Francisco Louçã. As Time Goes By: From the Industrial Revolutions to
the Information Revolution: From the Industrial Revolutions to the Information Revolution.
Oxford University Press, 2001. Print.
Fuchs, Christian and Sebastian Sevignani. “What is digital labour? What is digital work?
What’s their difference? And why do these questions matter for understanding social
media?” TripleC: Communication, capitalism & critique. Open access journal for a global
sustainable information society 11.2 (2013): 237–293. Print.
Gelber, Steven M. “Do-It-Yourself: Constructing, Repairing and Maintaining Domestic Mas-
culinity.” American Quarterly 49.1 (1997): pp. 66–112. Print.
Gershenfeld, Neil. Fab : the coming revolution on your desktop–from personal computers to per-
sonal fabrication. New York: Basic Books, 2005. Print.
Ghosh, Rishab Aiyer. “Interviews with Linus Torvalds: What motivates software develop-
ers.” First Monday 3.2 (1998). Print.
Giedion, Siegfried. “Mechanization takes command.” (1955). Print.
Gramsci, Antonio, Geoffrey Nowell-Smith, and Quintin Hoare. Selections from the Prison
Notebooks of Antonio Gramsci: Ed. and Transl. by Quintin Hoare and Geoffrey Nowell Smith.
International Publishers, 1971. Print.
Habermas, Jürgen. “The theory of communicative action, Vol. I.” Boston: Beacon (1984).
Print.
Hafner, Katie and Matthew Lyon. Where wizards stay up late: The origins of the Internet. Simon
and Schuster, 1998. Print.
Hall, Stuart. “Brave New World.” Socialist Review 21.1 (1991): 57–64. Print.
Hall, Stuart, et al. “Cultural studies and its theoretical legacies.” Stuart Hall: Critical dialogues
in cultural studies (1996): 262–275. Print.
Hardt, Michael. “Affective labor.” Boundary 2 26.2 (1999): 89–100. Print.
–––.Empire. Cambridge, Mass: Harvard University Press, 2000. Print.
Hatch, Mark. The maker movement manifesto. McGraw-Hill Education, 2014. Print.
Coetzee 92
Jackson, Andrew. “Constructing at home: Understanding the experience of the amateur
maker.” Design and Culture 2.1 (2010): 5–26. Print.
Jameson, Fredric. Archaeologies of the future: The desire called utopia and other science fictions.
Verso, 2005. Print.
Jones, Rhys, Patrick Haufe, Edward Sells, Pejman Iravani, Vik Olliver, Chris Palmer, and
Adrian Bowyer. “RepRap – the replicating rapid prototyper.” Robotica null (Special
Issue 01 2011): 177–191. Print.
Kinna, Ruth. “William Morris: Art, Work, and Leisure.” Journal of the History of Ideas 61.3
(2000): pp. 493–512. Print.
Korotayev, Andrey, Julia Zinkina, and Justislav Bogevolnov. “Kondratieff waves in global
invention activity (1900–2008).” Technological Forecasting and Social Change 78.7 (2011):
1280–1284. Print.
Kreimer, Seth F. “Technologies of Protest: Insurgent Social Movements and the First Amend-
ment in the Era of the Internet.” University of Pennsylvania Law Review 150.1 (2001): pp.
119–171. Print.
Kuznetsov, Stacey and Eric Paulos. “Rise of the Expert Amateur: DIY Projects, Communi-
ties, and Cultures.” Proceedings of the 6th Nordic Conference on Human-Computer Interac-
tion: Extending Boundaries. NordiCHI ’10. Reykjavik, Iceland: ACM, 2010. 295–304. Print.
NordiCHI ’10.
Lande, Micah. “Defining Makers Making: Emergent Practice and Emergent Meanings.”
2013. Print.
Landes, David S. The unbound Prometheus: technological change and industrial development in
Western Europe from 1750 to the present. Cambridge University Press, 2003. Print.
Law, John. “On the subject of the object: narrative, technology, and interpellation.” Configu-
rations 8.1 (2000): 1–29. Print.
–––.Aircraft stories: Decentering the object in technoscience. Duke University Press, 2002. Print.
LeVine, Philip and Ron Scollon. Discourse and technology: Multimodal discourse analysis. George-
town: Georgetown University Press, 2004. Print.
Levy, Steven. Hackers. Sebastopol, CA: O’Reilly Media, 2010. Print.
“Linux Development Report, Project Website.” 2015. Web. 27 Dec. 2015.
Machin, D. and A. Mayr. How to Do Critical Discourse Analysis: A Multimodal Introduction.
SAGE Publications, 2012. Print.
“Make Magazine Media Kit.” 2014. Web. 06 Dec. 2014.
Marx, Karl. Capital : Volume I, Der Produktionsprozess des Kapitals. London New York: Dent
Dutton, 1972. Print.
McLellan, David. Marx’s Grundrisse. Macmillan, 1971. Print.
Melchionne, Kevin. “Of bookworms and busybees: cultural theory in the age of do-it-
yourselfing.” Journal of Aesthetics and Art Criticism (1999): 247–255. Print.
Miller, Toby. A companion to cultural studies. Malden, Mass: Blackwell, 2001. Print.
Moilanen, Jarkko. “Emerging Hackerspaces–Peer-Production Generation.” Open Source Sys-
tems: Long-Term Sustainability. Springer, 2012. 94–111. Print.
Moody, Glyn. Rebel code : Linux and the open source revolution. London: Penguin, 2002. Print.
Murphy, Timothy S and Abdul-Karim Mustapha. “The philosophy of Antonio Negri.”
(2005). Print.
Negri, Antonio. The Politics of Subversion. A Manifesto for the Twenty-First Century. Oxford:
Polity Press, 1989. Print.
Coetzee 93
Negri, Antonio and Michael Hardt. “Value and Affect.” boundary 2 26.2 (1999): pp. 77–88.
Print.
Noble, D. “Social choice in machine design: The case of automatically controlled machine
tools.” (1979). Print.
Poutiainen, Saila. Finnish cultural discourses about the mobile phone communication. ProQuest,
2007. Print.
Ramocki, Marcin. “DIY: The Militant Embrace of Technology.” Transdisciplinary Digital Art.
Sound, Vision and the New Screen. Springer, 2008. 26–32. Print.
Ratto, Matt and Robert Ree. “Materializing information: 3-D printing and social change.”
First Monday 17.7 (2012). Print.
Ray, Gene. “Revolution in the Post-Fordist Revolution: Notes on the Internet as a Weapon
of the Multitude.” Third Text 21.1 (2007): 1–8. Print.
Raymond, Eric. “The Cathedral and the Bazaar.” Knowledge, Technology & Policy 12.3 (1999):
23–49. Print.
“RepRap Family Tree - RepRapWiki, Project Website.” 2015. Web. 26 Aug. 2015.
Roland, Albert. “Do-It-Yourself: A Walden for the Millions?” American Quarterly (1958):
154–164. Print.
Samson, Peter R. “June 1959 TMRC Dictionary.” 1959. Web. 18 Dec. 2015.
Segal, Howard P. Technological utopianism in American culture. Syracuse University Press,
1985. Print.
Sivek, Susan Currie. “"We Need a Showing of All Hands": Technological Utopianism in
MAKE Magazine.” Journal of Communication Inquiry 35.3 (2011): 187–209. Print.
Söderberg, Johan. “Automating amateurs in the 3D printing community: connecting the
dots between ‘deskilling’and ‘user-friendliness’.” Work Organisation, Labour and Globali-
sation 7.1 (2013): 124–139. Print.
Solomou, Solomos. Phases of economic growth, 1850-1973: Kondratieff waves and Kuznets swings.
Cambridge University Press, 1990. Print.
“Source code definition by The Linux Information Project, Project Website.” Web. 27 Dec.
2015.
Spufford, Francis. Red plenty. Faber & Faber, 2010. Print.
Sterling, Bruce. The Hacker Crackdown. Law and Disorder on the Electronic Frontier. New York:
Bantam, 1992. Bantam, 1993. Print.
Sternberg, Ernest. “Transformations: the eight new ages of capitalism.” Futures 25.10 (1993):
1019–1040. Print.
Sterne, Jonathan. “Bourdieu, technique and technology.” Cultural Studies 17.3-4 (2003): 367–
389. Print.
“Steve Jobs, 1955 - 2011 | WIRED, Project Website.” 2011. Web. 17 Aug. 2015.
Storey, John. What is cultural studies?: A reader. Oxford University Press, 1996. Print.
Tanenbaum, Joshua G., Amanda M. Williams, Audrey Desjardins, and Karen Tanenbaum.
“Democratizing technology: pleasure, utility and expressiveness in DIY and maker
practice.” Proceedings of the SIGCHI Conference on Human Factors in Computing Systems.
CHI ’13. Paris, France: ACM, 2013. 2603–2612. Print. CHI ’13.
Tenorio, Encarnacion Hidalgo. “Critical Discourse Analysis, An overview.” Nordic Journal
of English Studies 10.1 (2011). Print.
Terranova, Tiziana. “Free labor: Producing culture for the digital economy.” Social text 18.2
(2000): 33–58. Print.
“Third Ave.’s revival in Brooklyn gets worrisome | Crain’s New York Business, Project
Website.” Web. 14 Dec. 2015.
Coetzee 94
Thoburn, Nicholas. “Autonomous Production? On Negri’s "New Synthesis".” Theory, cul-
ture & society 18.5 (2001): 75–96. Print.
Thompson, E. P. William Morris : romantic to revolutionary. London: Pantheon Books, 1976.
Print.
“U.S. Bureau of Labor Statistics, Project Website.” Web. 03 May 2015.
Virno, Paolo. A Grammar of the Multitude. Semiotext (e) Los Angeles, CA, 2003. Print.
“WIRED – Media Kit Print | Condé Nast, Project Website.” Web. 08 Sept. 2015.
Wark, McKenzie. “A More Lovingly Made World.” Cultural Studies Review 19.1 (2013): 296–
304. Print.
Watson, Ian. “Digital Underworld.” The Universal Machine. Springer Berlin Heidelberg, 2012.
259–283. Print.
“Wealth Without Money - RepRapWiki, Project Website.” Web. 29 Dec. 2015.
“Welcome to Newbury Street, Boston, Project Website.” Web. 14 Sept. 2015.
Winner, Langdon. “The whale and the reactor.” Chicago University Press Chicago, 1986.
Chap. Mythinformation. 98–117. Print.
Žižek, Slavoj. “A permanent economic emergency.” New Left Review 64.1 (2010): 85–95.
Print.
